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PETER DAYALL, Eq 
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addreſs his productions to a friend 
diſtinguiſhed for his general knowledge, as 
well as particular ſkill in the parts whereon the 


Author writes : On this account I heartily wiſh, 


that inſtead of the ſubjects contained in the fol- 


lowing ſheets, I had a work of a more elevated 


kind wherewith to do greater honour to the name 
of my friend; however, ſuch as they are, I hope 
they will, with your uſual frankneſs and good- 
nature, be accepted. Indeed I muſt obſerve, 
that the late Preſident of the Royal Society, MaR- 
TIN FoLKEs, Eſq; Wa; the firſt Edition 
of this book with his Patronage; and alſo, our 
much-eſteemed and learned friend James Bur- 
Row, Eſq; Vice-preſident of the Royal Society, 
thought the book ſo worthy his peruſal, as to re- 
mark all the typographical and other errors, and 
to make ſome uſeful obſervations, a liſt whereof 


he favoured me with, and for which I truſt you 


will permit me to take this opportunity of pub. 


lickly thanking him: Although I am conſcious, - 


that 


T is no new thing for a lover of Science to 


— wh. 
Cp. Moat, 
3x 


DEDICATION. JN 
that you have the higheſt regard for the two re- i 


ſpectable names, which I here mention out f 
_ (patitude ; yet I would not be underſtood that 
you are to accept hereof in this public manner, 
merely becauſe thoſe conſiderable perſonages have 
already favoured the Work; I offer this as a tri- 
bute for your acquaintance and friendſhip, and 
flatter myſelf that you will find in this impreſſion 
me things, which if they have not difficulty to 
recommend them, have at leaſt, I apprehend, fo 
much utility accompanying them, as to render 
the whole in ſome degree intereſting, and per- 
\ haps not unworthy the notice of the moſt ſkilful 
inthe Mathematical Sciences. I am, 


—_ 


ER: i " 


| Your moſt obedient 


ES Humble Servant, 


— 


JI. ROBBRTSON, 


* 4 > 
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ſerve; their uſe ſeems quite neceſſary to per- 
ons employed i in moſt of the active ſtations 
in life. 

The Axcbitect, whether civil, military, or nepal 
never offers to effect any undertaking, before he has 
firſt made uſe of his rule and compaſſes ; and fixed upon 
a ſcheme or drawing, which unavoidably requires 
thoſe inſtruments, and others equally neceſſary, 

The Engineer, cannot well attempt to put in execu- 
tion any deſign, whether for defence, offence, ornament, 

pleaſure, &c. without firſt laying before his view, the 
— — of the whole; which is not to be en 
performed, but by rulers, compaſſes, &c. 

There are indeed, very few, it any good Artificers, 

who have not in foran meaſure, occaſion for the uſe 


IT is needleſs to enumerate the many pur» 
poſes, to which mathematical inſtruments 
0 


of one or more mathematical inſtruments; and when- 


ever there is required, an accurate drawing of a thing 
to be executed, or repreſented; that collection of in- 
ſtruments, uſually put in portable caſes, is then abſo- 
Jutely neceſſary: And of theſe, the moſt common ones, 
or others applicable to like ſervice, muſt have been 
in uſe, ever ſince mankind have had occaſion to pro- 
vide for the neceſſary conveniencies of life: But the 


parallel ruler, the proportional compaſſes, and the Jecken. 
are not of any great antiquity. 


However, by means of the opportunity, which the 
author had of conſulting moſt, if not all the principal 


A. 2 | pleces, 


(iv) \ 
Pieces, that have been wrote on this ſubject +; he 
thinks it will ſufficiently appear from what follows, 
who were the inventors of theſe latter inſtruments ; 
and when they were firſt known and made uſe of. 

I. Gaſpar Mordente, in his book on the compaſſes, 
printed in folio at Antwerp, 1584; gives the conſtruc- 
tion and uſe of an inſtrument, invented by his brother 
Fabricius Mordente, in 1554; and by him preſented 
to the emperor Maximilian II. in 1572 : Fabricius pre- 
ſented it afterwards, with ſome improvements, to Ro- 
delpbus II. the fon of Maximilian In 1578, Gaſpar 
ſtudied to apply the inſtrument to various uſes by the 
command of the then governor of the Netherlands. 
The inſtrument conſiſts of two flat legs, moveable 
round a joint like a common pair of compaſſes ; but 
the ends or points are turned down at right angles to 
the legs, ſo as to meet in one point when the legs are 


cloſed. In each leg there is a groove, with a flider 


fitted to it, carrying a perpendicular point ; fo that 
theſe alſo appear like one point when the legs are 
Cloſed, and the ſliders are oppoſite. This compaſs is 
Jointly uſed with a rod, containing a ſcale of equal parts; 
whereof 30 are equal to the length of each leg. As 
the operations with this compaſs, depend on the pro- 

rties of ſimilar triangles, therefore its principles are 
the ſame with thoſe of the ſector: And moſt, or all 
the problems that are performed by the line of lines 
only, can with almoſt the ſame eaſe, be performed by 
theſe; the tranſition from this inſtrument to the ſector 
is very natural and eaſy. 

The uſe of this inſtrument, is exemplified in pro- 
blems concerning lines, ſuperficies, ſolids, and mea- 
ſuring of inacceſſible diſtances. 

IT he author, p. 22, ſays, he invented an inſtrument 
there deſcribed; which is our parallel ruler with pa- 


rallel bars: The parallel ruler with croſs bars, is a 


more modern contrivance. 


I In the collection of the late lam Jones, Eſq; U 


(v) 8 

II. Daniel Speckle, in the year 1589, publiſhed in 

folio, his military architecture, at Straſburg ; where he 
was architect. In his ſecond chapter, he takes no- 
tice of compaſſes then in uſe of a curious invention, 
whoſe center could be moved forwards or backwards, 
ſo that by the figures and diviſions mark'd thereon, 
a right line could be readily and correctly divided into 
any number of equal parts, not exceeding 20. This 
inſtrument has been ſince called the proportional com- 
paſſes. 
In the ſame chapter he ment ions another compaſſes, 
with an immoveable center, and broad legs, whereon 
were drawn lines proceeding from the center, and 
divided into equal parts; whereby a right line could 
be divided into equal parts not exceeding 20 ; becauſe 
the diviſions on the lines ſtill kept the ſame propor- 
tion, to whatever diſtance the legs were opened, 
This inftrument was afterwards cal''d the ſefor, 

III. Dr. Thomas Hood, printed at London, Anno 
1598, a quarto book, intituled, The making and uſe | 
of a Geometrical Inſtrument called a Sector. This in- 
ſtrument conſiſts of two flat legs, moveable about a 
joint; on theſe are ſectoral lines, of equal parts, of 

lygons, and of ſuperficies; that is, lines ſo diſ- 
poſed, as to make all the operations that depend on 
ſimilar triangles quite eaſy, and that without the lay- 
ing down of any tgure. To the legs is fitted a cir- 
cular arc, an index moveable on a joint, and fights, 
whereby it is made fit to take angles. 

IV. Chriſtopher Clavius, in his practical geometry, 
printed in quarto at Rome, Anno 1604, in page 4. 
ſhews the conſtruction and uſe of an inſtrument, 
which he calls the n/irument of parts; it conſiſts of 
two. flat rulers moveable on a joint; on one fide of 
theſe legs, are the ſectoral lines of equal parts; on 
the other ſide, are thoſe of the chords : After ſhewing 
ſome of their uſes, he concludes with ſaying, he is 
ſenſible of many others to which it may be Hy 

U 
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(vi) 

but leaves them for the exerciſe of the reader to diſ- 
cover. 8 | 

V. Levinus Hulfius, in his book of mechanical in- 
ſtruments, printed in quarto at Frankfort, Anno 1605 
gives, in the third part, the deſcription and uſe of an 
inſtrument, which Juſtus Burgius call'd the proportional 
Compaſs. Hulſius ſays, the uſe of it had not been 
33 before, although the inſtrument had been 

ng known. a | 

VI. Anno 1605, Philip Horſcher, M. D. pub- 
liſhed at Merz, a quarto book, containing the uſe 
and conſtruction of the proportional compaſſes. This 
author does not pretend to be the inventor ; but that 
ſeeing ſuch an inſtrument, he thought he could, 
from Euclid, ſhew its conſtruction and the grounds 
of its operations. 

VII. Anno 1606, Galilæus publiſhed in Italian, a 
treatiſe of the uſe of an inſtrument which he calls, 
The geometrical and military compaſs. On this inſtru- 
ment are deſcribed ſectoral lines of equal parts, ſur- 
faces, ſolids, metals, inſcribed polygons, polygons of 
given areas, and ſegments of circles. In the preface 
to an edition of this book, printed at Padua, Anno 
1640, by Paola Frambotti, Galilæus ſays, that on 
account of the opportunity he had of teaching ma- 
thematics at Padua, he thought it proper to ſeek out 
a method of 2 thoſe ſtudies. In another 
part of the preface he ſays, that he ſhould not have 
publiſhed this tract, but in vindication of his own re- 
putation; for he was informed that a perſon had by 
ſome means or other, got one of his inſtruments, 
and pretended to be the inventor, although himſelt 
had taught it ever ſince the year 159. 

VIII. Anno 1607, Baldeſſar Capra, publiſhed a 

. treatiſe of the conſtruction and uſe of the compaſs of 
Proportion, (or ſector.) He claims the invention of 
this inſtrument; and hence aroſe a diſpute between 
SGalilæus and Capra; ſome particulars of which _ 

: | een 


(vi) ; 
been mentioned by ſeveral, and particularly by Thomas 
Saluſbury, Eſq; in his life of Galilæus, publiſhed at 


the end of the ſecond volume of his mathematical col- 


leftions and tranſlations, at London, in fol. Anno 1664. 

It appears from theſe accounts that one Simon Ma- 
rius a German who was in Padua about the year 1607, 
tranſlated into latin, the book publiſhed the year be- 
fore by Galilzus, and cauſed his diſciple Capra to print 
it as his own: Marius dreading a proſecution, retired, 
and left Capra in the lurch, who was proceeded a- 
gainſt. At that time Galilæus publiſned an apology, 
intitled, ** The defence of Galilæus Galilæi, a Flo- 
rentine gentleman, reader in the univerſity of Padoua, 
againſt the calumnies and impoſtures of Baldeſſar Capra 
a Milaneſe, divu/ged againſt him as well in his confide- 
ratione aſtronomica upon the new ſtar of 1604, as (and 
more notoriouſly) in lately publiſhing for his invention the 


conſtruction and uſes of the geometrical and military com- 


paſs, under the title of Uſus & Fabrica circini cu- 


juſdam proportionis, &c.” Galilzus begins with an 


addreſs to the reader, wherein he concludes, that a per- 
ſon robbed of his inventions, ſuffers the greateſt loſs 
that can be ſuſtained, becauſe it deſpoileth him of 
bonour, fame and deſerved glory: He proceeds, and 
lays, into this ultimate of miſeries and unhappineſs of 
condition, Baldeſſar Capra, a Milaneſe, with unheard 
of fraud, and unparallel'd impudence bath endeavoured to 
reduce me, by lately publiſhing, and committing to the 
preſs my geometrical and military compaſs, as his proper 
invention, and as à production of bis own wit, (for ſo 
he calls it in the work itſelf) when it was 1 alone, that 
ten years ſince (viz. Anno 1597) thought of, Flows and 
compleated the ſame, ſo as that no one elſe hath any ſhare 
in it; and I alone from that time forward imparted, diſ- 
covered and preſented it unto many great princes, and other 
noble lords; and in fine, only that J a year fince cauſed 
the operations thereof to be printed, and conſecrated to the 
glorious name of the moſt ſerene prince of Tuſcany, my 
A 4 lord. 


) 


of which ſaid intrument the above. named Capra, 
| bath not only made himſelf the aut bor, but reports me 
for its ſhameleſs uſurper, (theſe are bis very words) and 
conſequently bound to bluſh within my ſelf with extream 
confuſion, as unworthy to appear in fight of learned and 
ingenuous men. Galilzus then proceeds, among other 
things, to produce the aiteſtations of four conſider- 
able perſons, ſhewing that ten years before that time, 
he had taught the uſe of the inſtrument, and that 
Capra who had for four years paſt ſeen them making 
at the workman's houſe, had never challenged the 
invention, as his own. 
_ Galilzus after this, ſays that he went to Venice, and 
laid the affair before the lords reformers of the uni- 
verſity of Padoua, on the 8th of April 1607, at the 
ſame time ſhewing them his own book, publiſhed 
June the 1oth 1606; and that of Capra's, publiſhed 
March the th 1607. The lords thereupon cited 
Capra to appear before them on the 18th of April; 
the next day the cauſe was heard and the parties diſ- 
miſſed : But on the 4th of May following, their lord- 


ſhips pronounced ſentence, and ſent it to Padoua to 


be put in execution; the amount of their ſentence 


was, that having fully conſidered the affair, it ap- 
peared to them that Galilæus had been abuſed, and 


that all the remaining copies of Capra's book ſhould 
be © brought before their lordſhips to be ſuppreſſed in 
ſucb faſhion as they ſhall think fit, reſervi g to themſelves 


i proceed againſt the printer and bookſeller, fer the” 


tranſgreſſions they may have committed againſt the laws 
F Printing; ordering the ſame to be made known ac- 
cordingly. 


9 


Tue ſame dey all the copies of the ſaid book were ſent 


zo Venice unto the lords reformers, there being found 


440 4wwith the bookjeller, and 13 with the author, be 
Saving diftributed 30 of them into ſundry parts of Eu- 


rope, &c.“ \ 
OY IX. Anne 
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IX. Anno 1610, John Remmelin, M. D. publiſhed 

at Frankfort, a quarto edition of two tracts of Jobn 

Faulbaber; one of theſe contains the uſe of the ſeFor, 

on which are lines of equal R ſuperficies, ſolids, 
a 


metals, chords, Sc. He ſays, that G. Brendel, a 
painter, uſed this inſtrument in perſpective painting. 
X. D. Henrion, in his mathematical memoirs, Anno 
1612, gave a ſhort tract of the ule of the compaſs of 
proportion (or ſector.) In 1616 he printed a book of 
the uſe of the ſector; and a fifth edition, in the year 
1637, the preface to which, ſeems to be wrote in 
the year 1626, wherein he ſays, that about the year 
1608, he had ſeen in the hands of M. Alleaume, en- 
gineer to the king of France, one of theſe ſectors; 
whereupon he wrote ſome uſes of it, which he pub- 
liſhed in his memoirs, as above. He alſo declares, 
that before his firſt publication, he had not ſeen an 
book on the uſe of a ſector, and therefore calls what 
he publiſhes his own. He charges Mr. Gunter with 
having uſed many of his propoſitions, This author 
printed at Paris 1626, an octavo book of logarithms, 
at the end of which is a tract call'd logocanon, or the 
proportional ruler ; which is a deſcription and uſe of 
an inſtrument, he calls a lattice, (perhaps from the 


chequer- work made by lines drawn thereon) which 


operates the problems performed by the french ſectors 
very accurately. 

XI. Anno 1615, Stephen Michael-Spackers, pub- 
liſhed in quarto at Ulm, a treatiſe of the proportional 
rule and compaſs of G. Galgemeyer, reviſed by G. 
Brendel, a painter at Laugingen. On theſe propor- 
tional compaſſes, are lines of equal parts, of poly- 
gons, ſuperficies, ſolids, ratio of the diameter to the 
circumference; reduction of planes, and reduction of 
ſolids. The uſe and conſtruction of theſe lines, are 
ſhewn by a great variety of examples. 

XII. Benjamin Bramer, in his book of the deſcrip- 
tion of the propportional ruler and parailelogram, printed 

| in 


{ 


in quarto at Marpurg, Anno 1617; ſays, his ruler 
is applicable to the ſame uſes as | Fuſlus Burgius's in- 
ſtrument. __ Bramer's inſtrument conſiſts of a ruler, 
on which are lines of equal parts, of ſuperficies, of 
ſolids, of regular ſolids, of circles, of chords, and 
of equal polygons; at the beginning of each ſcale, 
is a pin-hole, whereby he can apply the edge of ano- 
ther ruler, and ſo conſtitute a ſector for each ſcale: 

XIII. Anno 1623, Adriano Metio Alcmariano, prin- 
ted at Amſterdam a quarto book, ſhewing the uſe of 
an inſtrument called the rule of proportion. In his 
dedication, he ſays, that whilſt he was reviewing 
ſome things relating to practical geometry, he mer 
with Galileo's book of the uſe of the ſector, which 
ve him opportunity to improve on it, and occa- 
ned the publiſhing of this book: B11. 
XIV. Mr. Edmund Gunter, profeſſor of aſtronomy 
in Greſham college, printed at London, Anno 1624, 4 
quarto book, called the deſcription and uſe of the ſec- 
tor; on which are ſectoral lines, iſt. of equal parts 
2d. ſuperficies ; 3d. ſolids; 4th. fines and chords; 
5th. tangents; 6th. rhumbs ; 7th. ſecants: Alſo la- 
teral lines of, 8th. quadratures; gth.” ſegments ; 
oth, inſcribed bodies; 11th. equated bodies; 12th. 
metals : On the edges are a line of inches and a line 
of tangents. | ö 
Mr. Gunter does not ſay any thing concerning the 
invention, and has no preface; but at the end of the 
tract, in a concluſion to the reader, he ſays, that the 
ſector was thus contrived, moſt part of the book 
written, and many copies diſperſed, more than ſix- 
teen years before, Sc. this article being written May 
1, 1623, brings the time he ſpeaks of to about the 
year 1607, which was before the time Henrion ſays 
he firſt ſaw the ſector. B35 

The ſcales of logarithm numbers, ſines, and tan- 
Fr were firſt publiſhed in 1624, in Gunter's de- 


ription of the croſs ſtaff. | 
XV. Mutio Oddi of Urbino printed at Milan, An. 
2 1033, 


(x) 

1633, a quarto book, called the conſtruction and uſe of 
the compaſſo polimetro, (or ſector.) The lines on this in- 
ſtrument, were ſuch as were common at that time: He 
fays in the dedication to his friend Peter Linder of Nu- 
renberg, he firſt taught the uſe of it 

la the, preface he ſays, that about the year 1568, 
Commauiine, who then taught at Urbino, did con- 
trive a pair of compaſſes with a moveable centre, 
to divide right lines into equal parts; which was done 
at the, requeſt' of a gentleman named Bartholomew 
Euſtachio, who wiſhed to avoid the trouble of the 
common methods, or of being obliged to have many 
compaſſes for ſuch diviſions of right lines. 

He farther ſays, that about that time, Guidibaldo, 
marqueſs of Monte, who lived at Urbino for the ſake 
of Commandine*'s company, being frequently at the 
houſe of Simone Boraccio, who made Commandine's 
proportional compaſſes, did contrive, and cauſe to be 
made, an inſtrument with flat legs, (like the ſector) 
which performed the operations of the compaſs more 
eaſily. Oddi ſays alſo, that great numbers were made, 
and in few years, had many uſeful and curious addi- 
tions, with treatiſes written on its uſe in diverſe lan- 
guages, and called by different names, which oc- 
calioned the doubt of who was the true author, every 
one having found means to ſupport his cauſe: But 
Oddi ſays, he not intending to decide the diſpute, 
leaves it to time to diſcover ; and ſeems contented 
to have pointed out who was the firſt inventor; his 
chief intention being that of making the uſe public, 
and the conſtruction eaſy to workmen. | 


The following authors have alſo wrote on the 
ſector, and ſectoral lines, 

XVI. Anno 1634, P. Petit, printed in 8 vo. at 
Paris, a treatiſe on the ſector. He thinks Galilæus 
was the inventor. | 
XVII. An. 1635. Matthias Berneggerus printed at 
Straſburg a 4to. edition of Galilæus's book on the 
ſector, which conſiſts of two parts: To this is added 


a third 


( xi) 
a third part, ſhewing the conſtruction of Galilæus's 
lines, and ſome additional uſes and tables. 

XVIII. An. 1639, Nicholas Foreft Ducheſne printed 
at Paris, in 12mo. a book of the ſector. He ſeems 
to be little more than a copier of Henrion. 

XIX. An. 1045, Bettinus in his Apiaria univerſa, 
&c. apiar. 3d. p. 95, and apiar. 12, p. 4. In his 
AHrarium pbilo. math. 4to. an. 1648, vol. I. p. 262. 
In his Recreationum math. appiariæ, &c. 12mo. an. 
1658, p. 75, applies the ſector ro muſic. 

XX. Jobn Chatfield printed at London, in 12mo. 
his trigonal ſector, anno 1650. 

XXI. An. 1656, Nicholas Goldman printed at Ley- 
den, in folio, his treatiſe on the ſector. He ſays that 
Galilzus was the firſt who publiſhed the deſcription 
of the ſector, an invention uſeful in all parts of the 
mathematics, and other affairs of life. 


. 


XXII. 7ohn Collins printed at London, in 4to. his 


book of the ſeclor on a quadrant, an. 1659. 
XXIII. Pietro Ruggiero, in his military architecture, 


in 4to. printed at Milan, an. 1661, p. 230, applies 


the ſector to the practice of fortification. | 
XXIV. An. 1662, Gaſpar Schottus printed at 
Straſburgh his mathe/is 2 in 4to. in which he 
ves a deſcription and uſe of the ſector: In the pre- 
ace he mentions Galilæo as the inventor of the ſector. 
XXV. 7. Templar printed in 12mo. at London, 
an. 1667, a book called the ſemicircle on a ſec/7or. He 
. ſays, the applying of Mr. Forſter's line of verſed 
{ines to the ſector, was firſt publiſhed an. 1660, by 
Jobn Brown, mathematical inftrument-maker in 
London. 5 
XXVI. Daniel Schwenter in his practical geometry, 
xeviſed and augmented by George Andret Bockle: n, 
printed in 4to. at Nuremberg, an. 1667, treats on 
the deſcription and uſe of the ſeftor. - 
XXVII. John Caramuel printed at Campania, an. 
1670, his mathefis nova, in 2 vols. folio. In the 2d 
val. 
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vol. p. 1158, he treats on the ſector, relates the con- 
teſt between Galilæus and Capra, and thinks the ſame 
might have been objected againſt others, as well as 
againſt Capra: He alſo ſays, that Clavius had ſuch 
an inſtrument before that of Galilæus appeared; and 
Clavius having taught for a long time at Rome, had 
many ſcholars, ſome of whom might have carried 
his inſtruments to ſeveral countries. Caramuel men- 
tions a ſtory of a Hollander ſhewing to Galilæus an 
inſtrument of this ſort, that he had brought from his 
country, and of which Galilæus took a copy. 

XX VIII. John Brown, in his book on the triangular 
quadrant, printed in 8vo. at London, an. 1671. 

XXIX. John Chiiſtopher Roblbans, in his math. 
and optical cu;io/cties, printed in 4to. at Leiꝑſic, an. 
1677, p. 216. 

XXX. An. 1683, Staniſlawa Solſtiego printed at 
Kracow, his geometria et architectura Polſti, in folio. 
p-. 69, treats on ſome ſectoral lines. 

XXXI. Henrick Jaſper Nuis, printed at Tezwolle, 
in 4to. his Reclangulum catholicum geometrico aſtrono- 
micum, an. 1686. | 

XXXII. De Choales, in his curſus mathem. printed 
at Leyden, in 2 vols. fol. ax. 1690. Vol. 2d. p. 58, 
relates the conteſt between Galilæus and Capra, and 
aſcribes the invention of the proportional compaſs to 
Dr. Hor ſcher, or Juſtus Burgius. 

XXXIII. An. 1691, an edition in 8vo. of Mr. 
Ozanam's treatiſe of the ſector, was printed at the 


Hague. 


XXXIV. P. Hoſte printed at Paris his courſe of 
mathematics, in 3 vols. 8 vo. an. 1692. In vol. 2d. 
p. 27. he gives a tract on the ſector. 

XXXV. Thomas Allingham in his ſhort treatiſe on 
the ſefier, in 4to. London, 1698. 

XXXVI. J. Gocd, in his treatiſe on the ſector, in 


. 12mo. Londen, 1713. 


2 XXXVII. 


( xiv ) 
XXXXVII. Chriftian Wolfins, in his math, lexicon, 
gvo. printed at Leigſic, an. 1716, under the word 
circinus proportionum, relates, that Levinus Hulſius, 
in his treatiſe on the proportional compaſſes, printed 
at Frankfort the 10th of May, 1603, fays, that he 
firſt ſaw the ſaid inftrument at Ratiſbon, on the day 
of the imperial dyet : That he had fold them far and 
near before 1603; and that it had been inaccurately 

copied in ſeveral places: Wolfius ſays farther, that 
 Fuſtus Burgius was certainly the inventor, but uſed to 
et his inventions lye unpubliſhed. 

He then relates the conteſt between Galilæus and 
Capra, and ends with ſhewing the difference between 
the inſtruments of Burgius and Galilæus. 

. XXXVIIL. M. Bian, in his conſtruction of mathe- 
matical inſtruments, tranſlated by Edmund Stone, fol. 
London, 1723. 

XXXIX. Mr. Belidor, in his new courſe of math. 

in 4to. p. 364, Paris, 1725. 

XI. Roger Rea, in his ſector and plane ſcale com- 
pared, 8vo. London, 1727, 2d edition. 

XLI. Vincent Toſco, in his compendium of the math. 
in 9 vols. 8vo. Madrid, 1727, vol. I. p. 359. | 

XLII. Jacob Leupold, in his theatrum arithmetico- 
geometricum, in fol. Leipfic, 1727. p. 86, gives a de- 
tail of the inventors of the proportional compaſſes 
and ſector, which goes on to p. 121, and uhen he 
gives a liſt of the authors who have wrote on propor- 
tional inſtruments, ⁊ ix. Bramer, 1617; Capra, 1607 
Caſati, 1664; Conette, 1626; Dechales, 1690; Dol, 
1618; Faulhaber, 1610; Galgemeyer, 1615; Bren- 


dell, 1611: Galilzus, 1612; Goldman, 1656; Horſ- 


cher, 1605; Horen, 1605; Hulfius, 1604; Clavius, 
1615; Lockmann, 1626; Metins, 1023; Patridge—; 


de Saxonica, 1619; Scheffelts, 1697 ; Steymarn, 1624 


U tenboffers, 1626. 


XLII. Samuel Cunn, in his new treatiſe on the 
ſetter, 8vo. London, 1729. 
| | | XLIV, 


XLIV. William Webſter, in his appendix to a 
tranſlation of P. Hoſt's mathematics, 8 vo. 2 vols. 
London, 1730. „de, . ö 

There may be ſeveral other authors who have wrote 
on the conſtruction and uſe of the ſector, or on ſome 
of the ſectoral lines; but thoſe above, are all that 
have come to hand; and indeed theſe are many more 
than are wanted to determine this enquiry; which 
may be collected chiefly, from Mordente, Speckle, Hood, 
Clavins, Hulſius, Galilæus, Oddi, Salluſbury, Caramuel, 
Dechales, Wolfius, and Leupold; the others ſerving 
only to inform the reader what works are extant on 
this ſubject. From the whole he may obſerve, that 
there are few countries in Europe, but have one or 
more treatiſes on the proportional compaſſes and 
ſector, in their own language; and this is ſufficient 
to ſhew, that theſe inſtruments have been in univerſal 
eſteem. 

As the publication of Mordente's book was in 1584, 
it is not improbable, as Caramuel relates, that a Hol- 
lander (or one from the neighbourhood of Antwerp) 
might ſhew one of Mordentè's inſtruments to Gali- 
Leus : Neither is it improbable that Galilæus had ſeen 
both Mordente's and Speckle's books, the former ha- 
ving been publiſhed thirteen years, and the latter 
eight years, before Galilzus, by his own accounts, 
thought of his inſtrument. Bunt 

As Mutio Oddi, was a native of Urbino, and from 
what he ſays in his dedication, it is not improbable 
but he was acquainted with one or more of the per- 
ſons he mentions in his preface, or at leaſt with ſome 
of their acquaintance, from whom he might gather 
the particulars he relates; to which, if any credit 
may be given, Commandine was the inventor of the 
proportional compaſſes, and Guidobaldo of the ſector: 
And in the intercourſe between 1taly and Germany, 
ſome of Simone Borachio's work might get into the 
hands of many ingenious Germans, and give Fuſtus 

f ur gius, 


(wi) 
Burgius, to whom the proportional compaſs is uſually 
aſcribed, opportunity of getting an early copy ; and 
alſo put into Speckle's way, the inſtrument he men- 
tions to have ſeen : His deſcription pretty nearly agree- 
ing with what Oddi ſays was contrived by Guidobaldo. 
But while we are ſearching among foreigners for the 
inventor of the ſector, what are we to think of our 
countryman Dr. Hood? who in 1598 publiſhed his 
account of an inſtrument which he really calls a ſec- 
tor: And though we ſhould allow that Hood as well 
as Galilzus might have ſeen Mordente's and Speckle's 
books; and both of them might have ſeen ſome of 
Borrachio's work, yet it is not very probable that 
Hood could have got the form of his inſtrument from 
Galilæus the year after he thought of it; and as Hood 
bliſhed eight years before Galilæus, Hood certainly 
| E an equal right with Galilæus, if not a greater, to 
the honour of the invention of the ſector. 2 
After all, it may be ſaid, that it is not impoſſible 
for the ſame thing to be diſcovered by different per- 
ſons who have no connexion with one another; ex- 
amples of a like coincidence of thoughts being known 
on other ſubjects. | | | 
To the preſent edition, there is added an appendix 
on the gunners callipers, which was promiſed to the 
public in the former impreſſion, publiſhed at the be- 
ginning of the year 1747; and beſide this, the body 
of hs book has been augmented by more than three 
ſheets of additional illuſtrations and problems, and 
another plate: By all theſe additions, it is conceived 
the book is now rendered more generally uſeful. 
What is done in the foregoing eſſay, and in the 
following work, is ſubmitted to the reader's judg- 
ment; the author intending no more than to have the 
honour of invention aſcribed to whom it is due; and 
alſo to give ſome aſſiſtance to beginners in the mathe- 
matical ſtudies. x 
Royal Academy Portſmouth CON- 
March 8, 1755. 
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DESCRIPTION and USE 


OF A 


© A 3-5 


OR 


PORTABLE COLLECTION, 


Of the moſt Neceſſary 


Mathematical Inſtruments. 


IIIIIIECIIIEIEITIEETEIDETLSL 
Sx cT. I. 


As Es of Mathematical Inſtruments are 
of various ſorts and ſizes; and are com- 
_— {yy monly adapted to the fancy or occaſion of 
the perſons who buy them. 
Taz ſmalleſt collection put into a caſe, 
3 conſiſts of, 4" ba 
. A pair of compaſſes, one of whoſe points ma 
taken off, and its 7 ſupplied with, - | 15 
B 


A crayon 


eng, &c. and as the greateſt part of theſe inſtruments 


*C 
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2 The Deſcription and Uſe 
A crayon for lead or chalks. 
A drawing-pen for ink. 
II. A plane ſcale. | 
Wirru thefe inſtruments only a tolerable ſhift may 
be made to draw moſt mathematical figures. 
Bur in ſets, called complete pocket-caſes, beſide the 
inſtruments above, are the followin 


III. A ſmaller pair of compaſſes. 


IV. A pair of bows. 

V. A Black- lead pencil, with a cap and feeder, 
VI. A drawing-pen With a protradling- pin. 
VII. A protractor. 

VIII. A parallel-ruler. 

IX. A ſeclor. | 


Ix ſome caſes, the plane ſcale, protractor, and 


Parallel- ruler, are included in one inſtrument. 


Tn common, and moſt eſteemed ſize of theſe in- 
ſtruments, is ſix inches; though they are ſometimes 
made of other ſizes, and particularly of four inches 
and a half. | 

Note, the ſize of a caſe is named from the length 

of the ſcale or ſector. 

SoME artiſts have contrived. a very commodious 
flat caſe, or box, where the inſide of the lid or top 
contains the rulers and ſcales : The compaſſes, draw- 
ing-pen, Sc. lie in the partitions of a drawer, that 
drops into the bottom part of the caſe, but not quite 
to the bottom; leaving room under it for lack lead 
pencils, hair pencils, Indian ink, colour cells, &c. and 
beſide the inſtruments already enumerated, in boxes 
or. caſes of this ſort are put 
X. A tracing- point. 

Xl. A pair of proportional compaſſes. 

XII. A gunner's callipers. Ir 
Bur the caſe of inſtruments called the magazine, is 


the moſt complete collection; for this contains what- 


ever can be of uſe in the practice of drawing, defign- 


are 


of Mathematical Inflruments. ' 3 


are ſcarcely ever uſed but in the ſtudies or chambers 
of thoſe who have occaſion for them; therefore jt 
will be uſeleſs to inſiſt on pocket caſes; for few 
perſons .care to load themſelves with the carriage of 
what is called a complete ſet. * 
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| SECT. UH. | 
Of the ComMPassEs and Bows, 


| OMPASSES are uſually made of ſilver or 
\ braſs, and thoſe are reckoned the beſt, part of 
whoſe joint is ſteel; and where the pin or axle on 
which the joint turns, is a ſteel ſcrew; for the oppoſi- 
tion of the metals makes them wear more equable : 
and by means of the ſcrew axle, with the help of a 
turn-ſcrew, (which ſhould have a place in the caſe) the 
compaſſes can be made to move in the joint, ſtiffer or 
eaſier, at pleaſure. If this motion is not uniformly 
ſmooth, it renders the inſtrument leſs accurate in ule. 
Their points ſhould be of ſteel, and pretty well 
hardened, elſe in taking meaſures off the ſcales, they 
will bend, or be ſoon blunted. They alſo ſhould be 
well poliſhed, whereby they will be preferved free 
from ruſt a long time. 

To one point of the ſmaller compaſſes, it is common 
to fix in the ſhank a ſpring, which by means of ,a 
ſcrew, moves the point; ſo that when the compals is 
opened nearly to a required diſtance, by the help of 
the ſcrew the points may be ſet exactly to that diſ- 
tance ; which cannot be done fo well by the motion in 
the joint. | 

To uſe the ſpring point. 


Horp the compaſſes in the left hand with the ſcrew 
turned towards the right; turn the ſcrew-towards you, 
. B 2 or 
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or ſlacken it, and the ſpring point will be brought 
nearer to the other point : On the contrary, by turn- 
ing the ſcrew from you, or tightning it, the ſpring 
point will be ſet farther from the other point. 

Taz-uſe of theſe leſſer compaſſes, is to transfer the 
meaſures of diſtances from one place to another; or, 
to deſcribe obſcure arcs. 


Or the large ſized compaſſes, thoſe are eſteemed 
the beſt, whoſe moveable points are locked in by a 
ſpring and catch fixed in the ſhank ; for if this {pring 


be well effected, the point is thereby kept tight an 
ſteady z. the contrary of which frequently happens, 
when the point is kept in by a. ſcrew in the ſhank. 
Tux uſe of theſe compaſſes is to deſcribe arcs or 
circumferences with given radius's : and it is eaſy to 
conceive, that theſe arcs. or circumferences can be 
deſcribed, either obſcurely by the ſteel point; in ink, 


by the ink point; in black-lead or chalks, by the 
, crayon; and with dots, by the dotting-wheel; for 


of the ſteel point. 

As the dotting- wheel has not hitherto been effect- 
ed, ſo as to deſcribe dotted lines or arcs, with any 
tolerable degree of accuracy, it ſeems therefore to be 
uſeleſs: and, indeed, dotred lines of any kind are 


either of them may be fixed in the ſhank in the place 


much better made by the drawing-pen. 


TE drawing-pen point, and crayon, have gene- 
rally (in the beſt ſort of caſes) a ſocket fitted to them: 


ſo that they occupy but one of the holes, or parti- 
tions, in the caſe. 


Tux ink, and crayon points, have a joint in them, 
juſt under that part which locks into the ſhank of the 


compaſſes; becauſe the part below the joint ſhould 
ſtand ee to the plane on which the lines 


are deſcribed, when the compals is gpened. 
Ir inſtead of the larger compaſs <1 made with 


hitting points, there were two pair put into the 


caſe ; to one of which the ink point was fixed, and to 
: 2 | | the 
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the other the crayon point; this would ſave the trou- 
ble of changing the points in the compaſs at every 
time they were uſed; and would increaſe the expence, 
or bulk of the caſe, but a trifle. 

Mos perſons at firſt, handle a pair of compaſſes 
very aukwardly, whether in the taking of diſtances 
between the points, or deſcribing of circles. To be 
ſure long practice brings on eaſy habits in the uſe of 
things, | Lovers a caution or two may be ſerviceable 
to beginners. 


To open and work the rompaſſes. 


W1TH the thumb and middle finger of the right 
hand pinch the compaſſes in the hollow part of the 
ſhank, and it will open a little way ; then the third 
finger being applied to the inſide of the neareſt leg, 
zh, the nail of the middle finger acting againſt the 
fartheſt, will open the compaſſes far enough to intro- 
duce the fingers between the legs : then the hither 
one being held by the thumb and third finger, the 
farther leg may be moved forwards and backwards 
very eaſily by the fore and middle fingers, the fore 
finger preſſing on the outſide to ſhut, and the middle 
one acting on the inſide to open, the compaſſes to any 
defired extent. In this manner the compaſſes are 
manageable with one hand, which 1s convenient when 
the other hand is holding a ruler or other inſtrument. 


To take a diſtance between the points of the compaſſes. 


HoLp the compaſſes upright, ſet one point on one 
end of the diſtance to be taken, there let it reſt ; and 
2 before ſhewn) extend the other point to the other 
end. 
Al wars take care to avoid working the compaſſes 
with both hands at once; and never uſe them other- 
wiſe than nearly upright. 


B 3 To 
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20 deſeribe circles or arcs with the compaſſes. 


SET one foot of the compaſſes on the point deſigned 
for the centre, hold the head between the thumb and 
middle finger, and let the fore finger reſt on the 
head, but not to preſs it: then by rolling the head 
between the finger and thumb, and at the ſame time 
touching the paper with the other point, a circle or 
may be deſcribed with great eaſe, either in lead or 
INK, | 

In deſcribing of arcs it ſhould be obferved, that 
the paper be not preſſed at the centre, or under the 
foot, with more weight than that of the compaſſes; 
for thereby the great holes and blots may be avoided, 
which too frequently deface figures when they are 
made by thoſe who are aukward or careleſs in the uſe 
of their inſtruments. 


Of the Bo Ws. 


The bows are a ſmall ſort of compaſſes, that com- 
monly ſhut into a hoop, which ferves as a handle to 
them. Their uſe is to deſcribe arcs, or the circumfe- 
rences of cireles, whoſe radius's are very ſmall, and 
could not be done near fo well by larger compaſſes. 
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Of the Black-lead Pencil, Feeder, and T; racing 

| | | Point. | 
E H E Black- lead Pencil is uſeful to deſcribe the 
firſt draught of a drawing, before it is marked 
with ink; becauſe any falſe ſtrokes, or ſuperfluous 
SL | | | | lines, 


* 
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lines, may be rubb'd out with a handkerchief or piece 
of bread. * 
Tux Feeder is a thin flat piece of metal, and is ſome- 
times fixed to a cap that ſlips on the top of the pencil, 
and ſerves either to put ink between the blades of the 
drawing- pen, or to paſs it between the points, when 
the ink by drying, does not flow freely. | 
Tux Tracing Point is a pointed piece of ſteel; and 
commonly has the feeder fixed to the other end of 
the handle. Its uſe, is to mark out the outlines of a 
drawing or print when an exact copy thereof is want- 
ed, which may be done as follows. | 
Ox a piece of paper, large enough to cover the 
thing to be copied, let there be ſtrewn the ſcrapings 
of red chalk, or of black chalk, or of black lead; rub 
theſe on the paper, ſo that it be uniformly covered; 
and wipe off, with a piece of muſlin, as much as will 
come away with gentle rubbing. Lay the coloured 
ſide of this paper, next to the vellum, paper, Sc. on 
which the drawing is to be made : on the back of 
the colour'd paper, lay the drawing, Sc. to be copied. 
Secure all the corners with weights, or pins, that the 
papers may not ſlip : trace the lines of the thing to be 
copied, with the tracing point; and the lines ſo traced 
will be impreſs'd on the clean paper. 
And thus, with care, may a drawing or print, be 
copied without being much damaged. 


Note, The coloured paper will ſerve a great many 

times. OS 
THe is not perhaps, a more uſeful inſtrument in 
being for ready ſervice in making of ſketches ar finiſh- 
ed plans; whether of architecture, fortification, ma- 
chines, landſkips, ornaments, &c. than a black- lead 
pencil; and therefore it may be proper to give a few 
hints concerning this excellent mineral. 
BLACK-LEAD is produced in many countries, but the 
beſt yet diſcovered is found in the north of England: 
it is dug out of the ground in lumps, and ſawed out 
| | 4 into 


% - 
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into ſcantlings proper for uſe: the kinds moſt proper 
to uſe on paper muſt be of an uniform texture, which 
is diſcoverable by paring a piece to a point with a 
penknife; for if it cuts ſmooth and free from hard 
flinty particles, and will bear a fine point, it may be 
pronounced good. 

THERE are three ſorts of good black- lead; the 
ſoft, the midling, and the hard: the ſoft is fitteſt for 
taking of rough ſketches, the midling for drawing of 
landſkip and ornaments, and the hard for drawing of 
lines in mathematical figures, fortification, architec- 
ture, Sc. The indifferent kinds, or thoſe which in 
cutting are found flinty, are uſeful enough to carpen · 
ters or ſuch artificers who draw lines. on wood, &c. 
Tx beſt way of fitting black-lead for uſe, is firſt 
to ſaw it into long lips about the ſize of a crow-quill, 


and then fix it in a caſe of ſoft wood, generally cedar, 


of about the ſize of a gooſe-quill, or larger; and this 
caſe js cut away with the lead as it is uſed. 


S666 eee 
{252811 Der. Wes 
4 Of the Drawing-Pen, and. Protracting- Pin. 


IHE Drawing-pen is an inſtrument uſed only 
for drawing of right lines; and conſiſts of two 
blades, with ſteel points, fix*d to a handle. The blades 
by being a little bent, cauſe the ſteel points to come 
nearly together; but by means of a ſcrew paſſing thro* 
both of them, they are brought cloſer at pleaſure, 
as the line to be drawn ſhould be ſtronger or finer. 
In uſing this inſtrument, put the ink between the 
blades” with a common pen, or with the feeder ; and 
(by the ſcrew) bring them to a proper diſtance for 
drawing the intended line : hold the per a * 4 
1 5 q : , C e 
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clined, but ſo that both blades touch the paper; then 
may a line be drawn very ſmooth, and of equal 
breadth, which could not be done ſo well with a com- 
mon pen. = | 
Note, Berors the drawing-pen is put into the caſe, 
the ink ſhould be wiped from between the blades ; 
otherwiſe they will ſoon ruſt and ſpoil, eſpecially with 
common ink. And that they may be clean'd eaſily, 
one of the blades ſhould move on a joint. 
Taz directions given about this 4rawing-pen, will 
ſerve for the drawing- pen point, uſed with the com- 
aſſes. But it muſt be obſerved, that when any arc 
is deſcribed of more than an inch radius, then the ink 
int ſnould be bent in the joint ſo that both the 
lades of the pen touch the paper, otherwiſe the arc 
deſcribed will not be ſmooth. . 
Tur Protracting-pin is a piece of pointed ſteel (like 
the point of a needle) fixed into one end of a part of 
the handle of the drawing · pen; into which, the piece 
with the pin in it, generally ſcrews. Its uſe is to 
point out the interſections of lines; and to mark off 
the diviſions of the protractor, as hereafter directed. 
SOMETIMES on the top of the drawing- pen is a 
ſocket, into which a piece of black-lead pencil may - 
be put. | Sg We | ey 
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S8 rr. V. 
Of the PARALLEL-RULER. 


HIS inſtrument conſiſts of two Rulers, con- 

need together by two metal bars, movin 
eaſily round the rivets which faſten their ends; hes 
bars are ſo placed that both have the ſame inclination 


ro 
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to each Ruler 3 whereby they will be Parallel at every 
diftance, - — — ſuffer them to receed. 
gur the beſt Parallel. Rulers are thoſe, whoſe bars 
croſs each other, and turn on a joint at their inter- 
ſestion ; one end of each bar moving on a centre, 
and the other ends fliding in grooves as the Rulers 
Ius, inſtrument is very uſeful in delincating civil 
and military architecture, where there are many Pa- 
rallel lines to be drawn; and alſo in the ſolution of 
ſeveral geometrical Problems; ſome of which are as 


ig ty WKY #+ 7 5 . , " 
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Bo. fo. — ie being given, to draw a line parallel 
thereto, that ſhall paſs through a given point © (Fig. 1. 
*- ConSTRUCTION. Apply one edge of the parallel. 
ruler to the given line aB ; preſs one 74727 right againſt 
the Paper, and move the other untill its edge cuts the 
point'e; there ſtay that ruler, and by its edge draw 
a Nne through c, then this line will be parallel to AB. 
Ir tie point c happens to be farther from the line 
A chan the ralers will open to; ſtay that ruler near- 
eſt to c, and bring the other cloſe to it, where let it 
reſt, and move forward the ruler neareſt to c, and 
Jo e till one vuler is brought to the point in- 
ten . | 
Tux manner of uſing the parallel-ruler as here di- 
- rected, is underſtood to be the ſame in the ſolution of 
FC 7 ' 


| 4 

A night line as being given, to divide it into any pro- | 

pegs number of equal parts; ſuppoſe 5. (Fig 2.) . 
"— ConsTRUCTION. Draw the indefinite right line Bc, 

ſo as to make with as, any angle at pleaſure ; with 

| | any 
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any convenient opening of the compaſſes, lay off on 
BC, the rahuiouey number of equal parts, vis. 1, 2, 
3, 4, 53 lay the edge of the parallel rule by the. 
points 5 and a and. parallel thereto; through the 

points 4, 3, 2, 1, draw lines; then AB, by the inter- 
Edin of thoſe lines will be divided into 5 equal parts. 


PROBLEM II. . 


Any right lined quadrangle or polygon being given, to. 
make a right lin'd e 77 aye! ss. 25 


Exau. I. To make 4 | triangle of equal area ; to the 
quadrilateral appc. (Fig. 3.) 


CONSTRUCTION. Prolong; AB; 2 Po and 
through o, draw DE parallel to ob, cutting Ax in 23 
then a line drawn from e to E forms the triangle APES 
of equal area to the quadrangle ABDC. 


ExAM. II. Given the pentagon ABCDE ; 3 requird 10 
make a triangle of equal area. (Fig. 4.) 


ConsTRUCTION. Produce pe towards ꝝ; draw AC 3 
through z, and parallel to ac draw By cutting DC in 
F; and draw AF. Then the area of the trapezium 
AFDE will be equal to the area of the pentagom ABCDE. 

Again. Produce 2Þ towards G; draw 49; through 
F, draw FG parallel to Ab, and draw 40. Then the 
area of the triangle ace, will be equal to that of the 


trapezium AFDE z and een to that of we 
h ABCDE, | 


Exan. II. To mals a deal equal in area. to the 
Hexagon, ABCDEF. (Fig. 3.) 

 _ ConsTRucTION, Draw FD, and parallel joe 
through x, draw x meeting cp produced in o, and 
draw or. Then the triangle rop is equal to the tri- 


angle FED, and the given Hexagon is reduced to the 
Pentagon ABCGF equal in area. 


Again, 


— 


* 
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Again. Draw ac; through r, draw rn parallel to 
AG, meeting co produced in x; draw An, and the 

Pentagon is reduced to the trapezium AaBcn. 

Tab, Draw ac, and parallel thereto, through n, 
draw HI, meeting gc produced in 1, and draw ar. 

Then the trapezium is reduced to the triangle ABI, 

which is equal in area to the given Hexagon ABCDEEF, 


Exam. IV. Given the nine ſided figure ABcDETORI, 
to mate a triangle of equal area. (Fig. 6.) : 

ConsTRUCTION. iſt, Draw 1B, and through 4 
draw Ax parallel to 1B, meeting Hi produced in k, 
and draw R; ſo the three ſides m1, 14, AB, are re- 
duced to the two ſides RK, KB. 

2d, Draw xc, and through s draw BL parallel to 
KF, meeting cb in L; draw KL, and the three ſides 

DC,-CB, BK, are reduced to the two ſides DL, LK. f 
3d, Draw k; through n, draw Hu, parallel to 
KG, meeting or in u, and draw KM; ſo the three 
fides KH, HG, GF, are reduced to the ſides KM, and 
MF, 125 | 

4th, Draw kr; through M, draw mn, parallel to 
Kk, meeting FE in , and draw KN; ſo the three 
ſides KM, MF, FE, are reduced to two ſides KN, NE. 
"5th, Draw LN, and through k, draw Ko, parallel 
to Lx, meeting EF produced in o, and draw 10; fo 
the three ſides EN, NK, KL, are reduced to the two 
ſides Eo, or? . 
- Laſtly, Draw LE, and through o, draw pp parallel 
to LE, meeting ot produced in p, and draw LP ; fo 
ſhall the triangle oly be equal in area to the given 
nine ſided figure. 

PROCEEDING in the ſame manner; a figure of any 
number of ſides may be reduced to a triangle of equal 


SECT, 
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SECT. VI. 
Of the PROTRACTOR. *” 


HE Protractor, is an inſtrument of a ſemicir- 

cular form ; being terminated by a right line 
repreſenting the diameter of a circle, and a curve line 
of half the circumference of the ſame circle, As at 
Fig. 7. The point c, (the middle of as) is the 
centre of the ſemicircumference aps, which ſemicir- 
cumference is divided into 180 equal parts calFd 
degrees ; and for the convenience of reckoning both 
ways, is numbered from the left hand towards the 
right, and from the right hand towards the left, with 
IO, 20, 30, 40, &c. to 180, being the half of 360, 
the degrees in a whole circumference. The uſe of 
this inſtrument is to protrat, or lay down an angle 
of any number of degrees, and to find the number 
of degrees contained in any given angle. 

Bur this inſtrument is made much more commo- 
dious, by transferring the diviſions on the ſemicircum- 
ference, to the edge of a ruler, whoſe ſide Er is parallel 
to AB; (ſee Fig. 7.) which is done by laying a ruler 
on the centre c, and the ſeveral diviſions on the ſemi- 
circumference aps, and marking the interſections of 
that ruler on the line Er, which may eaſily be con- 
ceiv'd by obſerving the lines drawn from the centre 
c to the diviſions go, 60, 30; ſo that a ruler with 
theſe diviſions mark'd on 3 of its ſides and num- 
bered both ways, as in the Protractor, (the fourth 
or blank ſide repreſenting the diameter of the circle) 
is of the ſame uſe as a Protractor, and is much better 
adapted to a caſe. 

THar fide of the inſtrument on which the divi- 
ſions are mark'd, is calld the graduated fide, or limb 
of the inſtrument, which ſhould be floped away to an 

edge, 
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We: | 5 e whereby the diviſions on the limb will be much 
| + eaſter pointed off. 


PROBLEM IV. 


A number of degrees being given; to protract, or lay 
down an angle whoſe meaſure ſpall be equal thereto. 
. And an angle being protracted, or laid down, to find what 
6 number of . meaſures that angle. 


| 
1 
| 
| 
1 
= 
= 
| | 


Pl. V Exam. I. To Sad a line from the point à, that ſhall , 
make an angle with the line aB of 48 deg. Fig. 8. 

Apr the blank edge of the protractor to the line 
AB, fo that the middle or centre thereof (which is 
always mark'd) may fall on the point a ; then with 
the protracting-pin, make a mark on the paper againſt 
the diviſion on the limb of the inſtrument numbered 
with the degrees given; (viz. 48.) counting from the 
right hand towards the left; a line drawn from 4, 
thrqugh the ſaid mark, as ac, ſhall with as, form the 
angle required, viz. 48 degrees. 

Ir the line had been to make an angle with as, at 
the point B ; then the centre muſt have been laid on 


B, and the diviſions counted from the left hand- to- 
wards the right. 


Exam. II. To find the number of . 8 
fare the angle arc. Fig. 

APPLy the blank edge of the protractor to the line 
AB, fo that the centre ſhall fall on the point 3; then 
will the line nc cut the limb of the inſtrument in the 
number expreſſing the degrees that meaſure the given 

angle; which in this example is 125 degrees, counting 
from the left hand towards the right. 


PROBLEM 
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PROBLEM V. 


From am given point A, in à line AB, 10 draw a line 
perpendicular to AB. Fig. 10. | 7,44 

Lay the protractor acroſs the line AB in ſuch a 
manner that the centre on the blank edge, and the 
diviſion numbered with go, on the limb, may both be 
cut by the given line; then keeping the ruler in this 
poſition, ſlide it along the line, till one of theſe points 
touch the given point a, draw the line ca, and it will 
be perpendicular to AB. 

In the ſame manner, a line may be drawn, perpen- 


dicular to a given line, from a given point out of tha 
line, 


PROBLEM VL 


In a circle given to inſcribe any regular Polygon. fup- 
poſe an ofiagon. Fig. 11. E 
ConsTRUCTION. Apply the blank edge of the pro- 
tractor to aB the diameter of the Circle, fo that their 
centres ſhall coincide ; ſet off a number of degrees 
from B to Þ equal to an angle at the centre of 'that 
Polygon, (viz. 45.) and through that mark draw a 
radius CD; then ſhall BD the, chord of the arc ex- 
preſſing thoſe degrees, be the ſide of the intended 
Polygon; which chord taken between the compaſſes, 
and applied to the circumference will divide it into 
as many equal parts as the polygon has ſides, viz. 8; 
and the ſeveral chords being drawn will form the 

polygon required. | 

IT will rarely happen that this operation, though 
true in theory, will give the fide of the polygon 
exact; for when the chord of the arc prickt off 
from the protractor, is taken with the compaſſes 
and applied to the circle, it generally falls be- 
yond, or ſhort, of the point ſet out from: for it 
muſt be obſerved that the point where two lines in- 


2 | terſect 
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terſect one another is not to be readily determined 

in a practical manner; and a very ſmall error in the 

taking the length of the chord, being ſeveral times 
ted becomes conſiderable at laſt. Here the com- 


paſſes with the ſpring point will be found of great uſe. 


ATABLE, ſtewing the Angles at the Centres 
and Circumferences of regular Polygons from 
three to twelve Sides incluſive. 


| Names. , [Angles at Center| Angles at Cir. | 
Trigon 3112 oo' 60? oo' 

| [Square - I 4 90 oo go oo 
Pentagon 72 00 108 oo 


IHeptagon 51 257 128 347 
Octagon 45 oo 135 oo 
Nonagon 40 00 140 oo 
{Decagon _ 36 oo [144 0 
Endecagon 32 . 435+ 147 167: 
Dodecagon 12] 30 oo [150 o 


3 
4 
4 b) 
I Hexagon 6 60 oo 120 oo 
7 
8 
9 
10 
11 


Tu 1s table is conſtructed, by dividing 360, the 
degrees in a circumference, by the number of ſides in 
each polygon; and the quotients are the angles at the 
centers; the angle at the center ſubſtracted from 180 
degrees, Jeaves the angle at the circumference. 


PROBLEM VII. 


Upon 4 given right line as, to m any regular 
Pohgor Fig. 12. 


Cox- | 
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_ ConsTRucT10N, From the ends of the given line, 
draw the lines ap, 3e; fo that the angles BAD, apc, 
may each be equal to the angle at the circumference 
in that polygon ; make AD, Bc, each equal to AB; from 
the points o and e, draw lines that ſhall make with 
DA, CB, angles equal to the former ; make theſe lines 
each equal to AB; and ſo continue, till a polygon is 
form'd of as many ſides as required. . 


1 Exam. I. Upon the line as to deſcribe an hexagon. 
ig. 12. 

Bm AD, BC, ſq that the angles Bad, aBc, may 
be each 120 degrees; make ap, Bc, each equal to 
aB: alſo, make the angles ave, Be, each equal to 
120 degrees, and make DF, ox, each equal to as ; 
draw FE and *tis done. | 

Ox it may be done by the help of the parallel ruler, 
x the polygon has an even number of ſides, 
Thus, 4 : 

Havine form'd the three ſides Ab, as, Be, as be- 
fore directed; through o, draw pr parallel to 3c; 
make pr equal to aB; through r draw ze parallel to 
AB: make FE equal to AB and join cx. 


Exam. II. Upon the line as to deſcribe a pentagon, 
Fig. 13. 

B. AC, BD, that each may make with AB, an 
angle of 108 degrees. Make ac, Bo, each equal to 
AB; on the points c and b, with the compaſſes opened 
to the diſtance as, deſcribe arcs to croſs each other in 
E 3 draw Ec and ED, and *tis done. 

. In any regular polygon, having found all the ſides 
but two, as above directed ; thoſe may be found as 
the laſt two in the pentagon were. | 

Bur a regular polygon deſcribed upon a given ling 
AB may be conſtructed with more accuracy, thus. 


See Fig. 12, 1g. 
C | Maxt 
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Maxx an angle Bay, and another ape, each equal 
to half the angle of the required polygon ; on the 
point 2, where the lines Ap, Br, cut one another, and 
with the radius vA deſcribe a circle, in which if the 


= AB be applied, the polygon ſought will be 


** ttt ttt t $- * NN NN ARK 
8E C T. VI. 
Of the Plain Scale. 


r lines generally drawn on the plane ſcale, 
a are theſe following: | 


Marked 
I. Lines of equal parts. E P. 

II. Chords. Cho. 
III. Rhumbs. Ru. 

IV. Sines. Sin. 

V. —— FTangents. Tan. 
VI. Secants. Sec. 
VII, Half Tangents. S. T. 

VIII. Longitude. Lon. 

IX. Latitude. Lat. 

X. Hours. Ho. „ 
XI. Inclinations. In. Mer. 
Of the Lines of equal Parts. 

INES of 


equal parts are of two ſorts, viz. 
| ſimply divided, and diagonally divided. Pl. V. 
I. Simply divided. Draw 3 lines parallel to one 
another, at unequal diſtances, (Fig. 14.) and of any 
convenient length; divide this length into what num- 
ber of equal parts is thought neceſſary, allowing ſome 
certain number of theſe parts to an inch, ſuch as 2, 
27, 3, 32, 4, 47, Sc. which diviſions „ 
. I es 
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lines drawn acroſs the three parallels. Divide the left 
hand diviſion into 10 equal parts, which diſtinguiſh 
by lines drawn acroſs the lower parallels only; but, 
for diſtinction ſake, let the 5th diviſion be ſome what 
longer than the others: and it may not be inconve- 
nient to divide the ſame left-hand diviſion into 12 equal 
E which are laid down on the upper parallel line, 

ving the 3d, 6th, and ꝗth diviſions diſtinguiſhed by 
longer ſtrokes than the reft, whereof that at the 6th 
diviſion make the longeſt. 

TartRE are, for the moſt part, ſeveral of theſe 
{ſimply divided ſcales put on rulers one above the 
other, with numbers on the left hand, ſhewing in 
each ſcale, how many equal parts an inch is divided 
into; ſuch as 20, 25, 30, 35, 40, 45, Sc. and are 
ſeverally uſed, as the plan to be expreſſed ſhould be 
larger or ſmaller. | 

Tas uſe of theſe lines of equal parts, is to lay down 
any line expreſſed by a number of two places or deno- 
minations, whether decimally, or duodecimally divid- 
ed; as leagues, miles, chains, poles, yards, feet, inches, 
Sc. and their renth parts, or twelfth parts: thus, if each 
of the diviſions be reckoned r, as 1 league, mile, chain, 
Sc. then each of the ſubdiviſions will expreſs 
thereof; and if each of the Jarge diviſions be called 
10, then each ſmall one will be 1; and if the large 
diviſions be 100, then each ſmall one will be 10, &c. 

THEREFORE to lay off a line 8 , 87, or 870 
parts, let them be leagues, miles, chains, Ic. ſet one 
point of the compaſſes on the 8th of the large divi- 
ſions, counting from the left hand towards the right, 
and open the compaſſes, till the other point falls on 
the 7th of the ſmall diviſions, counting from the right 
hand towards the left, then are the compaſſes opened 
to expreſs a line of 8 , 87 or 870 leagues, miles, 
chains, Sc. and bears ſuch proportion in the plan, as 
the line meaſured does to the thing repreſented, 


( C 2 Bur 
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Bur if a length of feet and inches was to be ex- 
preſſed, the ſame large diviſions may repreſent the 
feet, but the inches muſt be taken from the upper 
part of the firſt diviſion, which (as before noted) is 
divided into 12 equal parts. | | 
Tnus, if a line of 7 feet -5 inches was to be laid 
down ; ſet one point of the compaſſes on the 5th 
diviſion among * 12, counting from the right hand 
towards the left, and extend the other to 7, amon 
the large diviſions, and that diſtance laid down in the 
plan, ſhall expreſs a line of 7 feet 5 inches: and the 
like is to be underſtood of any other dimenſions. 
II. Diagonally diuided. Draw eleven lines parallel 
to each other, and at equal diſtances; divide the 
upper of theſe lines into ſuch a number of equal 
parts, as the ſcale to be expreſſed is intended to con- 
tain, and from each of theſe diviſions draw perpendi- 
culars through the eleven parallels, (Fig. 15.) ſubdivide 
the firſt ot theſe diviſions into 10 equal parts, both 
in the upper and lower lines ; then each of theſe ſub- 
diviſions may be alſo ſubdivided into 10 equal parts, 
by drawing diagonal lines; viz. from the 1oth below, 
to the gth above; from the gth below, to the 8th 
above; from the 8th below, to the yth above, 
Se. till from the 1ſt below to the oth above, ſo 
that by theſe means one of the primary diviſions on 
the ſcale, will be divided into 100 equal parts. 
Tux are generally two diagonal ſcales laid on 
the ſame plane or face of the ruler, one being com- 
-monly half the other. (Fig. 15.) 3 1 3b 
Tux uſe of the diagonal ſcale is much the ſame 
with the ſimple ſcale ; al the difference 1s, that a plan 
may be laid down more accurately by it: becauſe in 
this, a line may be taken of three denominations ; 
whereas from the former, only two could be taken. 
No from this conſtruction it is plain, if each of 
the primary diviſions repreſent 1, each of the firſt 
ſubdiviſions will expreſs e of 1; and each — — 
| 8 2 ECON 


of Mathematical Inſtruments. 21 
ſecond ſubdiviſions, (which are taken on the diagonal 
lines, counting from the top downwards) will expreſs 
xs of the former ſubdiviſions, or a 100th of the pri- 
mary diviſions ; and if each of the primary diviſions 
expreſs 10, then each of the firſt ſubdiviſions will ex- 
preſs 1, and each of the 2d, Ye; and if each of the 
primary diviſions repreſent 100, then each of the firſt 
Sen will be 10; and each of the 2d will be x, 
TuxkxrokzE to lay down a line, whoſe length is 
expreſs d by 347, 34 * or 3 tos. Whether Jeagues, 
ne "Js 
On the diagonal line, joined to the 4th-of the firſt 
ſubdiviſions, count downwards, reckoning the dif: 
tance, of each parallel 1; there ſet one point of the 
compaſſes, and extend. the other, till. it falls on the 
interſection of the third primary diviſion with the 
ſame parallel in which the other foot reſts, and the 
compaſſes will then be opened to expreſs a line of 347, 
34 453 Or 3 Tos Sc. K „ ei cn doidu Tt 
Tuosx who have frequent occaſion to uſe ſcales, 
ue find, that a ruler: with the 20 following 
cales on it, viz. 10 on each face, will ſuit. more pur- 
poſes than any ſet of ſimply divided ſcales hitherto 
made public, on one ruler. * 


Din | [ 
One Side Fes diviſions F 10, 11, 12, 132, 15, 151, 18, 20, 22, 25. 
Other Side to an inch} 28, 32, 36, 40, 45. 50, 60,70, 85, 100. 
| 101 Kone. Od SIC UOTTI GOL 
Tux left hand primary diviſion, to be divided into 
10 and 12 and 8 parts; for theſe ſubdiviſions are of 
great uſe in drawing the parts of a fortreſs, and of a 
piece of cannn. A 7 | 
IT will here be convenient to ſhew, how any plan 
expreſſed by right lines and angles, may be delineated 
by the ſcales of equal parts, and the protractor, © 


: 
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— PROBLEM vm. 


"Pirie a acent things in right lined tridn ſe bi 
89 ee . | N 


Exam. Suppoſe a iss . ABC, (Fig 163 
the fide 434) yards 3 Ac 20 yards; and the 
an e at A=44+ degrees. 

ZONSTRUCTION. Draw a line an at pleaſure; then 
From the diagonal ſcale take 327 between the points 
of the compaſſes, and lay it from a to B; ſet the 
center of the protractor to the point 4, lay off 44% 
degrees, and by that mark draw ac : take with the 
compaſſes'f from the ſame ſale 208, lay it from 4 to 
e, and join en; fo ſhall the parts of the triangle 
Abe, in the plan, bear the {ame proportion to each 
dther, as the real parts in the field 0 
© Tar fide ch may be meaſured on the fame ſcale 
from which the ſides AB, Ac, were taken: and the 
angles at 5 and e may be meaſured by applying the 
protrattor to them as deen at Pede IV. 


'F * angles, ind oh fide enten bel wee „ehe wert 


Du Aw a line to expreſs this Ude 5 (as before) at the 
ends of that. 1 . off the angles, as obſerved 
in the field; lines drawn from the ends of the given 


line through thoſe marks, mall form a boars 5 ſimilar 
228 on dhe Held. 7 8 a 5 1 


W 4 
5 5 $4 \ 8 


Th 


"PR OBLE M R. 
ns adiacent things, files and ages n,e right 
1d quadrilateral, being given, to lay my the p 
thereef, Fig. 17: 


ExAaM. 


— 
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Ex AM. Given C. a = 70%; aB = 215 links; 
Ii Sin: r RN links; C C 114, 

ConsTRUCTION, Draw AD at pleaſure; from 4 
draw AB, ſo as to make with ap an angle of 70: 
make aB=21; (taken from the ſcales) ; from x, draw 
BC, to make with AB an angle of 113“: make Bc = 
596; from c, draw cp, to make with cs an angle of 
I14*, and by the interſection of cp with ap, a qua- 
drilateral will be form'd ſimilar to the figure in which 
ſuch meaſures could be taken as are expreſſed in the 
example. 

Ir 3 of the things were ſides, the plan 2 be 
formed with equal eaſe. 

FolLowixo the ſame method, a figure of many 
more ſides may be delineated; and in this manner, or 


ſome other like to it, do ſome ſurveyors make their 
plans of ſurveys. | 


The Conſtruction of the remaining Lines of the 
| PLAIN SCALE. 


PREPARATION. Fig, 18. Pl. VI. 


Descz1BE a circumference with any convenient ra- 
dius, and draw the diameters AB, DE, at right angles 
to each other; continue Ba at. pleaſure —_— 73 
through p, draw pd parallel to nr; and draw the 
chords BD, BE, AD, AE. Circumſcribe the circle with 


the ſquare HMN, whoſe ſides u, Mx, ſhall be parallel 


to AB, ED. 


* This mark or character C, ſignifies the angle. 
This mark = ſignifies equal to. 


By links, is meant the Tooth part of a chain of four 1 
or of 66 yards long, 


54 | =p 
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1. To confleult the Line of Chords *. 


Divx the arc a> into 90 equal parts; mark the 
Toth diviſions with the figures 10, 20, 30, 40, 50, 
60, 70, 80, 90; on p, as a center, with the com- 
paſſes, transfer the ſeveral diviſions of the quadrantal 

arc, to the chord ap, which marked with the figures 
correſponding, will become a line of chords. 
Mote, In the conſtruction of this, and the following 
ſcales,” only the primary diviſions are drawn; the in- 
termediate ones are omitted, that the figure may not 

: appear too much crouded. 

= *The chord of an arc, is 4 right line drawn from dne 

end of the are to the other end. 


= HII. The Line of Rhumbs F. 


Div1ops the arc BE into 8 equal parts, which mark 
2 with the figures 1, 2, 3, 4, 5, 6, 7, 8; and divide 
each of thoſe parts into quarters; on B, as a center, 
transfer the diviſions of the arc to the chord BE, 
which marked with the correſponding figures, will be 
a line of rbhumbs. ] | | 
+ The rhumbs here, are the chords anſwering to the 
points of the mariners compaſs, which are 32 in the whole 
circle, or 8 in the quarter circle. I ci 


III. The Line of Sines +. 
I Tun oon each of the diviſions of the arc ap, draw 


| Fight lines parallel to the radius ac; and cp will be 
| divided into a line of fines which are to be numbered 


I 4 The ne of an arc, is a right line drawn from one 

end of an arc perpendicular to a radius drawn to the 
other end. | 

And the ver/ed fine, is the part of the radius lying be- 

"tween the arc and its right fine. 


I from 
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from c to v for the right ſines; and from ↄ to e for 
the verſed ſines. The verſed fines may be continued 


to 180 degrees by n the diviſions of the radius 
co, from c to E. 


IV. The Line of Tangents *. 


A RULER on c, and the ſeveral diviſions of the arc 
Ab, will interſect the line pd, which will become a 
line of tangents, and is to be figured from D to G with 
10, 20, 30, 40, Gc 


* The tangent of an arc, is a right line touching that 


arc at one end, and terminated WF a ſecant drawn through 
'the othes end. | 


V. The Line of Secants Þ. 


Tue diſtances from the center e to the diviſions on 
the line of tangents being transferred to the line ar 
from the centre c, will give the diviſions of the line 
of ſecants; which muſt be numbered from a towards 
r, with 10, 20, 30, Sc. 

+ The ſecant of an arc, is a right line drawn from the 


centre through one end of an arc, and limited by the tan- 
gent of that arc. | 


VI. * Line of Half-Tang ents (or the Tangents 
of half the Arcs). 


A RULER on E, and the ſeveral diviſions of the arc 
AD, will interſe& the radius ca, in the diviſions of 
the ſemi, or half tangents ; mark theſe with the cor- 
reſponding figures of the arc Ap. 

Tux ſemi-tangents on the plane ſcales are n 
continued as far as the length of the ruler they are laid 
on will admit; the diviſions beyond go? are found by 
dividing the arc Az like the arc ap, then laying a 
ruler by E and theſe diviſions of the arc AE, the divi- 


ſions 
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ſions of the ſemi-tangents above go degrees will be 
obtained on the line ca continued. 


VII. The Line of Longitude. © 


Dry AH, into 60 equal parts; through each of 
theſe diviſions, parallels to the radius ac, will inter- 
ſect the arc Ax, in as many points; from E as a centre. 
the diviſions of the arc xA, being transferred to the 
chord za, will give the diviſions of the line of longi- 
tude. FY 

VIII. The Line of Latitude. 

A RULER on 4, and the ſeveral diviſions of the 
fines on op, will interſect the arc Bo, in as many 
points; on 3 as a centre, transfer the interſections 
of the arc BD, to the right line 3o; number the di- 


viſions from 8 to D, with 10, 20, 30, Cc. to 90; and 
BD will be a line of latitude. 


IX. The Line of Hours. 


 BrsecT the quadrantal arcs By, Bx, in 2, +; divide 
the quadrantal arc ab into 6 equal parts, (which gives 
15 degrees for each hour) and each of theſe into 4 
others; (which will give the quarters.) A ruler on c, 
and the ſeveral diviſions of NJ arc ab, will interſect 
the line Mw in the hour, Sc. points, which are to be 
marked as in the figure. 


X. The Line of Inclinations of Meridians. 


Bis gor the arc za into c; divide the quadrantal 
are bc into go equal parts; lay a ruler on c and the 
ſeveral diviſions of the arc bc, and the interſections of 
the line nut will be the diviſions of a line of inclina- 
tions of meridians, | 


SECT. 
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2 Sz cT., VIII. | 
The uſes of ſome of the Linas on the Plain Scale. 
I. Of the Line of Chords. Pl. VI. 


Ons of the uſes of the line of chords is 2% lay down 
a propoſed angle, or to meaſure an angle already laid 
down. Thus, to draw a line ac, that ſhall make with 
the line aB an angle containing a given number of 
degrees. (ſuppoſe 36.) Figure 19. 

On 4, as a centre, with a. — 5 equal to the chord 
of bo degrees, deſcribe the arc Bc ; on this ard, lay 
the chord of the given number of degrees from the 
interſection x, to C; draw Ac, and the angle Bac will 
contain the given number of degrees. 
_ Note, Degrees taken from the chords are always to 
be counted from the beginning of the ſcale. _;.. 
The degrees contained in an angle already laid down, 
may be meaſured thus. Fig. 19. | 5 

ON A as a centre, deſcribe an arc ze with the chord 
of 60 degrees; the diſtance Bc, meaſured on the 
chords, will give the number of degrees contained in 
the angle Bac. Þ Y 

I Is the number of degrees are more than 9o; they 
muſt be taken from, or meaſured by the 8 at 
twice; thus if 140 degrees were to be protracted, 
70 may be taken from the chords, and thoſe degrees 


aid off twice upon the arc deſcribed with a chord of 
60 degrees. | 


Nate, Degrees are generally denoted by a faall *-pix 
over them. . 


IT. Of the Line of Rhumbs. 
Tarn uſe is to delineate or meaſure a ſhip's courſe z 


yr is the angle made by a ſhip's way and the meri- 
Qian, | ey 


Now 
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Now having the points and + points of the compaſs 
contained in any courſe; draw a line as (fig. 19.) for 
the meridian; on A as a centre, with a chord of 60˙ 
deſcribe an arc Bc ; take the number of points and + 
points from the ſcale of rhumbs, counting from o, 
and lay this diſtance on the arc gc, from the inter- 
ſection B to c ; draw ac, and the angle pac ſhall re- 
preſent the ſhip's courſe. 


II. The ue of the Line of Longitude. 


Ir any two meridians 'be diſtant one degree or 60 


geographical miles, under the equator, their diſtance 


will be leſs than 60 miles in any latitude between the 


equator and the pole. 


Now let the line of longitude be put on the ſcale 


cloſe to the line of chords, but inverted ; that is, let 
60 in the ſcale of longitude be againſt o in the 
chords, and oꝰ degrees longitude againſt go* chords. 
Then mark any degree of latitude counted on the 


chords; and oppoſite thereto, on the line of longitude, 


will be the miles contain'd in one degree of longitude, 
in that latitude. 6 DF ly 12h 
' Tavs 57,95 miles, make 1 degree of longitude in 
the latitude of 15 degrees ; 45,97 miles, in latitude 
40 degrees; 36,94 miles, in latitude 52 degrees; 30 
miles, in latitude 60 degrees, Sc. hes 

Bor as the fractional parts are not very obvious on 


ſcales, here follows a table ſhewing the miles in one 


degree of longitude to every degree of latitude. 
Tais table is computed, upon the ſuppoſition of 


the earth being ſpherical, by the following proportion. 


As the radius is to the coſine of any latitude, ſo is 
the miles of longitude under the equator to the miles 
of longitude in that latirude. WY 

-Every. perſon who is deſirous of acquiring mathe- 


matical knowledge, ſhould have a table of the loga- 
rithms of numbers, fines, tangents, and ſecants; moſt 


of 


YN 


of Mathematical Inſtruments. 29 


of the treatiſes of navigation, and ſome other books, 
have theſe tables ; bur the moſt uſeful and elteemed 
are Sherwin's mathematical tables. | 


A TABLE, ſhewing the Miles in one Degree 
of Longitude to every Degree of Latitude. 


| D. L. | Miles. | D. L. Miles. | D. L. Miles. 
1 | 59,99] 31 [51,43] 61 | 29,09 
2 | 59,96 32 50, 88] 62 28,17 
3 59,92] 33 [50,32] 63 | 27,24} 
4 | 59985] 34 | 49-74] 64 | 26,30 
5 159977 | 35 4,5] 65 | 25,36 
6 59,67] 35 | 48554] 66 | 24,41 
7 | 59956] 37 1] 47-92] 67 | 23,44 
8 59,42] 38 | 47,28] 68 | 22,48 
9 | 59,20] 39 | 46,63] 69 | 21,50 
10 59,09 49 [455997] -70 | 20,52 
11 58,89 41 [45,28 71 19,53 
1258,69 42 [4459] 72 18,54 
13 [58,40] 43 | 43-38] 73 | 17,54 
14 | 58,22} 44 [43-16] 74 | 16,54 
is 57.95 45 [42:43] 75 | 15953 
16 | 57,67] 46 -| 41,68 76 | 14,52 
17 [57-38] 47 40,92] 77 | 1350 
18 5,06] 48 40, 15 78 | 12,48 
ig | 50,73] 49 39,36] 79 | 11,45 
20 | 56,38] 50 38,57 80 | 10,42 
21 | 56,02] 51 [37,76] 81 | 9,38 
22 | 55,03] 52 | 36,04 | $2 8,35 
23 55,23] 53 | 36,11] 83 | 7,32 
24 | 5481] 54 | 35,27 | 84 | 6,28 
25 | 54:38] 55 | 34-41] 85 5723 
26 53,93] 56 33,85 86 4,18 
27 53,46 57 32,68] 87 | 3,14 
28 | 52,96] 58 | 31,79] 88 2, 9 
29 52,47 59 | 30,90] 89 | 1,05 
| 30 51,6] 60 |] 30,00] 90 o, oo 
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Tux uſes of the ſcales of fines, tangents, ſecants, 
and half tangents, are to find the poles and centers 
of the ſeveral circles repreſented in the orthographical 
and ſtereographical projection of the ſphere ; which 
are reſerved until the explanation and uſe of the lines 
of the ſame name on the ſector are ſhewn. 

Tux lines of latitudes, hours, and inclinations 
of meridians, are applicable to the practice of dial- 
ing; on which there are ſeveral treatiſes extant, 
which may be conſulted, - | 


SSSISPSSSUSSPROSUGISSON GG, 
f 8 EC TT. NX. 
Of che SECTOR, 


Sector is a figure form'd by two radius's of a 
circle, and that part of the circumference com- 
prehended between the two radius's. 

TRE inftrument called a ſector, conſiſts of two 
rulers moveable round an axis or joint, from whence 
ſeveral ſcales are drawn on the faces of the rulers. 

Tu two rulers are called legs, and repreſent 
the radii, and the middle of the joint expreſſes the 
center. | : 

Tux fcales generally put on ſectors, may be diſtin- 
guiſhed into ſingle, and double. 
TR E fingle ſcales are ſuch as are commonly put 
on plain ſcales, and from whence dimenſions or di- 
ſtances are taken as have been already directed. 
Tux double ſcales are thoſe which proceed from 

the center; each ſcale is laid twice on the ſame face 
of the inſtrument, viz. once on each leg: From 
theſe ſcales, dimenſions or diftances are to be taken, 
when the legs of the inftrument are in an angular 
poſition, as will be ſhewn hereafter, 


The 
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The Scales commonly put an the beſt Sectors, are 


Pf Inches, each Inch divided into 8 and 10 parts. 
2 Decimals, containing an 100 parts. 
3 Chords, 5 "Cho. 
4 | Sines, WW: 
5 Tangents, Ne, 
815 | — | _ 
. 11 titu 7 t. 
Single 1 5 — 4 Hours, mark”? d | Hou. 
9 | * | Longitude, Lon. 
10 Inclin. Merid. In. Me 
11 the I Numbers, Num. 
12 Loga- (Sines, | Sin. 
13 | rithms ( Verſed Sines, V. Sin. 
14) |{ of J Tangents, L Tan. 
I [Lines, or of equal parts, Lin, 
2 Chords, Cho. 
3| a | Sines, | Sin. 
Double & 4 þline4 Tangents to 455 mark'd 4 Tan. 
5 | of | Secants, Sec. 
6 Tangents to above 45? Tan, 
7) . (Polygons, Pol, 


THe manner in which theſe ſcales are diſpoſed of 
on the ſector, is beſt ſeen in the plate fronting the 
title page. "TT 

TAE ſcales of lines, chords, ſines, tangents, 
rhumbs, latitudes, hours, longitude, incl. merid. 
may be uſed, whether the inſtrument is ſhut or 
open, each of theſe ſcales being contained on one of 
the legs only. The ſcales of inches, decimals, log. 
numbers, log. ſines, log. verſed fines and log. tan- 
gents, are to be uſed with the ſector quite opened, 
part of each ſcale lying on both legs. 

TRE double ſcales of lines, chords, fines, and 
lower tangents, or tangents under 45 degrees, are all 
of the ſame radius or length; they begin at the 
center of the inſtrument, and are terminated near the 
other extremity of each leg; viz. the lines at the 


diviſion 
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diviſion 10, the chords at 60, the fines at go, and 


the tangents at 45; the remainder of the tangents, or 


thoſe above 45?, are on other ſcales beginning at + of 
the length of the former, counted from the center, 
where they are marked with 45, and run to about 76 
degrees. en : 
Tux ſecants alſo begin at the ſame diſtance from 
the center, where they are marked with 10, and are 
from thence continued to as many degrees as the 
length of the ſector will allow, which is about 755. 

Tres angles made by the double ſcales of lines, 
of chords, of ſines, and of tangents to 45 degrees, 
are always equal. 5 

Ap the angles made by the ſcales of upper 
tangents, and of ſecants, are alſo equal; and ſome- 
times theſe angles are made equal to thoſe made by 
the other double ſcales, 

Tu ſcales of polygons are put near the inner 
edge of the legs, their beginning is not ſo far re- 
moved from the center, as the 60 on the chords is: 
Where theſe ſcales begin, they are mark'd with 4, 
and from thence are figured backwards, or towards 


- the center, to 12. ; 


FROM this diſpoſition of the double ſcales, it is 
lain, that thoſe angles which were equal to each 


other, while the legs of the ſector were cloſe, will 


ſtill continue to be equal, although the ſector be 


opened to any diſtance it will admit of, 


SECT, 
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SECT. X. | 
Of the Conſtruction of the Single Scales, 
I. The Scale of Inches. 


HIS ſcale, which is laid cloſe to the edge of 
the ſector, and ſometimes on the edge, con- 
tains as many inches as the inſtrument will receive 
when opened: Each inch is uſually divided into 8 
* — and alſo into 10 equal parts. = 


II. The Dees mal Scale. 


Tris ſcale lies next to the ſcale of inches; it is 
of the ſame length of the ſector when opened, and is 
divided into 10 equal parts, or primary diviſions ; 
and each of theſe into 10 other equal parts; ſo that 
the whole is divided into 100 equal parts. And 
where the ſector is long enough, each of the ſubdivi- 
ſions is divided into two, four, or five parts; and 
by this decimal ſcale, all the other ſcales, that are 
taken from tables, may be laid down. 

Tux length of a ſector is uſually underſtood when 
it is ſhut, or the legs cloſed together. Thus a ſector 
of {ix inches when ſhut, makes a ruler of twelve 
inches when opened, and a foot ſector, is two feet 
long when quite opened. 


III. The Scales of Chords, Rhumbs, Sines, Tan- 
gents. Hours, Lati tudes, Longitudes, and In- 
clination of Meri dians; ; 


AR ſuch as have been already deſcribed in the 
account of the plane ſcale, 


D : IV. The 
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IV. The Scale of Logarithmic Numbers. 


THis ſcale, commonly called the artificial num- 
bers, and by ſome the Gunter's ſcale, or Gunter's * 
line, is a ſcale expreſſing the logarithms of common 
numbers, taken in their natural order. To lay down 
the diviſions in the beſt manner, there is neceſſary a 
good table of logarithms, (ſuppoſe Sherwin's,) and 
a ſcale of equal parts, accurately divided, and of 
ſuch a length, that 20 of the primary diviſions ſhall 


make the whole Jength of the intended ſcale of num- 
bers, or logarithm ſcale. 


The Conſtruction. 


1. FROM the ſcale of equal parts, take the firſt 
10 of the primary diviſions, and lay this diſtance 
down twice on the log. ſcale, making two equal in- 
tervals; marking the firſt point 1, the ſecond 1, (or 
Tather 10) and the third 10, (or rather 100.) 

2. FRO the ſcale of equal parts, take the di- 
ſtances expreſſed by the logs. of the numbers, 2, 3, 
4, 5, 6, 7, 8, 9, reſpectively, (rejecting the in- 
dices :) lay theſe diſtances on each interval of the log. 
ſcale, between the marks 1 & 10, 10 & 100, reckon- 


ing each diſtance from the beginning of its interval, 


<1z. from 1, and from 10, and mark theſe diſtances 
with the figures 2, 3, 4, 5, 6, 7, 8, 9, in order. 
- THvs the firſt three figures of the logarithms of 
2: Ys 45 5» 6, 75 8, 9. are, 301, 477» 6025 699. 


778, 845, 903, 954 theſe are the numbers that 


are to be taken from the ſcale of equal parts, and laid 


— 
62 * 


: 1 2 | f | 
* From Mr. Edmund Gunter, the Inventor: Aſtrono- 
my-Profeſſor in Greſham Cillege, Anno 1624. 
F down 
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don in each interval, obſerving that the extent for 

each is to be applied from the beginning of the in- 
tervals. 

3. Tas diſtances expreſſing the logs. of the 
numbers between 10 & 20, 20 & 30, 30 & 40, 
40 & 50, 50 & 60, 60 & 70, 70 & 80, 80 & 90, 
90 & 100, (rejecting the indices) are alſo to be taken 
from tne ſcale of equal parts, and laid on the log. 
ſcale, in each of the primary intervals, between the 
marks 1 & 2, 2 & 3, 3&4, 4&5, 5 & 6, 6 & 
7, 7 & 8, 8&9, 9 & 10, reſpectively; reckoning 
each diſtance from the beginning of its reſpective 
primary interval. | 2 | 

4. Tux laſt ſubdiviſions of the ſecond primary 
interval are to be divided into others, as many as the 
ſcale will admit of, which is done by laying down the 
logarithms of ſuch intermediate diviſions, as it ſhall 
be thought proper to introduce. 


V. The Scale of Logarithm Sines, 


1. FRoM the ſcale of equal parts, take the diſtances 
expreſſed by the arithmetical complements * of the 
logarithmic fines, (or the ſecants of the complements) 
of 80, 70, 60, 50, 40, 30, 20, 10, degrees re- 

ſpectively; rejecting the indices; and theſe diſtances, 
lay on the ſcale of log. ſines, reckoning each from the 
mark intended to expreſs go degrees. | 

Tnus. To the ſines of 80, 707, 699, 50*, 40˙, 30˙, 
205% 10% the three firſt figures of the arithmetical 
complements of their logarithms, are, 007, 026, 
063, 115, 192, 301, 466, 760; theſe are the num- 

W bers to be taken from the ſcale of equal parts, uſed for 


—— — I n — * 4 FY * AM 


— 


* By the arithmetical complement of any fine, tangent, 
Sc. is meant the remainder, when that fine, tangent, Sc. is 
ſubſtracted from radius, or 10,000000, Qs. 


D 2 lay ing | 


* 
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laying down the logarithms of numbers, and every 
extent of the compaſſes is to be laid from the right 
hand towards the left, beginning at the point choſe 
for go, which uſually ſtands directly under the end 
of the line of numbers. 

2. In the ſame manner, lay off the degrees under 
10; and alſo, the degrees intermediate to thoſe of 
10, 20, 30, Sc. 

3. Lay down as many of the multiples of 5 mi- 
nutes, as may conveniently fall within the limits of 


thoſe degrees which will admit of ſuch ſubdiviſions of 
minutes. | | 


VI. The Scale of Logarithmic Tangents. \ 


1. Tis ſcale, as far as 45 degrees, is conſtructed, 
in every particular, like that of the log. fines; uſing 
the arithmetical complements of the log. tangents. 

2. THe degrees above 45, are to be counted back- 
wards on the ſcale: Thus 40 on the ſcale, repreſents 
both 40 degrees, and 30 degrees; 30 on the ſcale, re- 
preſents both 3o degrees, and 60 degrees; and the 
like of the other mark'd degrees, and alſo of their 
intermediate ones. 


VII. The Logarithmic verſed Sines. 


I. FROM the ſcale of equal parts, take the arith- 
metical complements of the logarithm co: ſines, (or 
the ſecants of the complements) of 5, 10, 15, 20, 25, 
30, 35, 40, Sc. degrees; (rejecting the indices,) and 
the double of theſe diſtances, reſpectively, laid on the 
ſcale (intended) for the log. verſed ſines, will give the 
diviſions expreſling 10, 20, 30, 40, 50, 60, 70, 80, 
Sc. degrees; to as many as the length of the ſcale 
will take in. | 

2. BETWEEN every diſtance of 10 degrees, intro- 
duce as many degrees, : degiees ; degrees; + de- 
grees, Sc. as the intervals will admit. TRE 
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Tur ſcales of the logarithms of numbers, ſines, 
verſed ſines, and tangents, ſhould have one common 
termination to one end of each ſcale; that is, the 10 
on the numbers, the 90 on the ſines, the o on the 
verſed ſines, and the 45 on the tangents, ſhould be 


oppoſite to each other: The other end of each of the 


ſcales of ſines, verſed ſines, and tangents, will run out 
beyond the beginning (mark'd 1) of the numbers; 
nearly oppoſite to which, will be the diviſions repre- 
ſenting 35 minutes on the ſines and tangents, and 
168 degrees, on the verſed fines. 


65 60 6646 66-63 2246-36 06-06-0006 c 


| 88 
Of the Conſtruction of the Double Scales. 


I. Of the Line of Lines. 


HIS is only a ſcale of equal parts, whoſe length 

is adapted to that of the legs of the ſector: 
Thus in the fix inch ſector, the length is about 5+ 
inches. 

Tur length of this ſcale is divided into 10 primary 
diviſions; each of theſe into 10 equal ſecondary parts; 
and each ſecondary diviſion, into 4 equal parts. 

HENeE on any ſector it will be eaſy to try if this 
line is accurately divided: Thus. Take between the 
compaſſes any number of equal parts from this line, 
and apply that diſtance to all the parts of the line; 
and if the ſame number of diviſions are contained be- 
tween the points of the compaſſes in every applicati- 
on, the ſcale may be received as perfect. 


D 3 II. OF 


, 
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IT. Of the Line of Sines. 


1. Mak the whole length of this ſcale, equal to 
that of- the line of lines. 

2. From the ſcale of the line of lines, take off ſe- 
verally, the parts expreſſed by the numbers in the 
tables (ſuppoſe Sherwin's) of the natural fines, corre- 
ſponding to the degrees, or to the degrees and mi- 
nutes, intended to be laid on the ſcale. 

3. Lay down theſe diſtances ſeverally on the ſcale, 
beginning from the center; and this will expreſs a 
ſcale of natural fines, 


Exam. To lay down 35 15'; whoſe natural fine 
found in the tables is 57714, c. 

Tak E this number as accurately as may be, from 
the line of lines, counting from the center; and this 
diſtance will reach from the beginning of the ſines, at 
the center of the inſtrument, to the diviſion expreſſing 
$5* 15'; and fo of the reſt. 

In ſcales of this length, it is cuſtomary to lay down 
diviſions, expreſſing every 15 minutes, from o de- 
grees to 60 degrees; between 60 and 80 degrees, 
every half degree is expreſſed; then every degree to 
85; and the next, is go degrees. 


III. Of the Scale of T. angents. 


Tx length of this ſcale is equal to that of the line 
of lines, and the ſeveral diviſions thereon (to 45 de- 
grees) are laid down from the tables and line of Fnes, 
in the ſame manner as has been deſcribed in the 
lines; oblerving to uſe the natural tangents in the 
tables, : | 


IV. Of 


þ 
[ 


9 nh WH 
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IV. Of the Scale of uffer Tangents. 


Tas ſcale is to be laid down, by taking + of ſuch 
of the natural tabular tangents above 45 degrees, as 
are intended to be put on the ſcale. 

ALTHOUGH the poſition of this ſcale on the ſector 
reſpects the center of the inſtrument, yet its begin. 


ning, at 45 degrees, is diſtant from the center, + of 
the length or radius of the lower tangents. 


V. Of the Scale of Secants. 


Tux diſtance of the beginning of this ſcale, from 
the center, and the manner of laying it down, is juſt 


the ſame as that of the upper tangents 3 only in this, 
the tabular ſecants are to be uſed. 


VI. Of the Scale of Chords. 


1. Makx the length of this ſcale, equal to that of 
the ſines; and let the diviſions to be laid down, ex- 
preſs every 15 minutes from o degrees to 60 de- 
grees. 

2. Take the length of the fine of half the degrees 
and minutes, for every diviſion to be laid down, (as 
before directed in the ſcale of ſines;) and twice this 
length, counted from the center, will give the diviſi- 
ons required. 

Trvs, twice the length of the ſine 18* 15; will 


give the chord of 36* 3o'; and in the ſame manner 
for the reſt. 


VII. Of the Scale of Polygons. 


Tuls ſcale uſually. takes in the ſides of the poly- 
gons from 6 to 12 ſides incluſive : The diviſions are 


laid down, 1 taking the lengths of the chords of 


D 4 the 
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the angles at the center of each polygon; and theſe 

diſtances are laid from the center of the inſtrument. 

Bur it is beſt to have the polygons of 4 and 5; ſides 

alſo introduced; and then this line is conſtructed from 
a ſcale of chords, where the length of go degrees is 

equal to that of 60 degrees of the double ſcale of 

ehords on the ſector. 


In. the place of ſome of the double ſcales wy de- 
ſcribed, there are found other ſcales on the old ſectors, 
and allo on ſome of the modern French ones, ſuch 
as, ſcales of ſuperficies, of ſolids, of inſcribed bodies, 
of metals, c. But theſe ſeem to be juſtly left out 
on the ſectors, as now conſtructed, to make room for 
others of more general ule : However, theſe ſcales, 
and ſome others, of uſe in gunnery, ſhall hereafter 


be deſcribed in a tract on the uſe of the gunners 
callipers. 


SECT, XII. 
Of the Uſes of the Double Scale. 


N the following account of the uſes, as there will 

frequently occur the terms lateral diftance, and 
tranſverſe diſtance; it will be proper to explain what 
is meant by thoſe terms. 

Lateral diſtance, is a diſtance taken by the compaſſes 
on one of the ſcales only, beginning at the center of 
the ſector. ' 

Tranſverſe diſtance, is the diſtance taken between 
any two correſponding diviſions of the ſcales of the 
fame name, the legs of the ſector being in an an- 
gular poſition : That is, one foot of the compaſſes is 
ſet on a diviſion in a ſcale on one leg of the ſector, 
and he other foot is extended to the like diviſion i 4a 

_ 
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the ſcale of the ſame name on the other leg of the 
ſector. | 

IT muſt be obſerved, that each of the ſectoral ſcales 
have three parallel lines, acroſs which the diviſions of 
the ſcale are marked : Now in taking tranſverſe dif- 
rances, the points of the compaſſes muſt be always ſet 
on the inſide line, or that line next the inner edge of 
the leg; for this line only in each ſcale runs to the 
center. | 


Some Uſes of the Line of Lines. 


PROBLEM X. 


To two given lines AB=—2, BC=6; to find a third 
proportional. Plate VI. Fig. 20. 


OpzRATION. 1. Take between the compaſſes, the 
lateral diſtance of the ſecond term, (ix. 6.) 

2. SET one point on the diviſion expreſſing the 
firſt term (viz. 2.) on one leg, and open the legs of 
the ſector till the other point will fall on the corre- 
ſponding diviſion on the other leg. 

3. Kery the legs of the ſector in this poſition 
take the tranſverſe diſtance of the ſecond term, (viz. 
6.) and this diſtance is the third term required. 

4. Tris diſtance meaſured laterally, beginning 
from the center, will give (18) the number expreſs- 
ing the meaſure of the third term: For2:6::6: 18. 

OR, Take the diſtance 2 laterally, and apply it 
tranſverſely to 6 and 6 (the ſector being properly 
opened), then the tranſverſe diftance at 2 and 2 being 
taken with the compaſſes and applied laterally from 
the center of the ſector on the ſcale of lines, will give 
„66 = 5, the third term when the proportion is 
decreaſing: For6:2::2:43. 
Note, If the legs of the ſector will not open fo far 
as to let the lateral diſtance of the ſecond term fall 
between the diviſions expreſſing the firſt term; then 


take 
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take r, 5, +, or any aliquot part of the ſecond term, 
(ſuch as will conveniently fall within the opening of the 


ſector) and make ſuch part, the tranſverſe diſtance of 


the firſt term; then if the tranſverſe diſtance of the 
ſecond term be multiplied by the denominator of the 
part taken of the ſecond term, the product will give 
the third term; TINT Wc 7 | 


nE A Xi. 
To three given lines AB = 3, BC= 7, CD=10; 
to find a fourth proportional. Plate VI. Fig. 21. 


OPERATION. Open the legs of the ſector, until the 
tranſverſe diſtance of the firſt term, (3) be equal to 
the lateral diſtance of the ſecond term, (7) or to ſome 
part thereof ; then will the tranſverſe diſtance of the 
third term, (10).give the fourth term, (23%) required 
or, ſuch a ſubmultiple thereof as was taken of the 
ſecond term: For 3:7::10: 23% 

Os, Set the lateral diſtance 7 tranſverſely from 10 
to 10 (opening the ſector properly); then the tranſ- 


verſe diſtance at 3 and 3 taken and applied laterally, 


will give 24s: For 10: 7 :: 3: 276 

FroM this problem is readily deduced, how to in- 
creaſe or diminiſh a given line, in any aſſigned pro- 
portion. 


Ex AN. To diminiſh a line of 4 inches, in the pro- 


Portion of 8 to 7. 


1. Opex the ſector until the tranſverſe diſtance of 


8 and 8, be equal to the lateral diſtance of 7. 


2. Marx the point to where 4 inches will reach, 


as a lateral diſtance taken from the center. : 


3. Tus tranſverſe diſtance, taken at that point, wil 


be the line required. 
- Is the given line, ſuppoſe 12 inches, ſhould be too 


long for the legs of the ſector, take 2, or 2, or 4, 


Ec. part of. the given line for the lateral diſtance; 


2 | and 
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and the correſponding tranſverſe diſtance, taken twice, 
or thrice, or four times, &c. will be the line required. 


PROBLEM XI. 


To open the ſeftor ſo, that the two ſcales of lines ſhall 
make a right angle. 


OpERATTON. Take the lateral diſtance from the 
center to the diviſion marked g between the points of 
the compaſſes, and ſet one foot on the diviſion mark- 
ed 4 on one of the ſcales of lines, and open the le 
of the ſector till the other foot falls on the diviſion 
marked 3 on the other ſcale of lines, and then will 
thoſe ſcales ſtand at right angles to one another. 


For the lines 3, 4, 5, or any of their multiples, 
conſtitute a Tight angle — 


PROBLEM XIII. 


To two right lines given, to find a mean proportional. 
Suppoſe the lines 40 and go. 


OpERRATION. Iſt. Set the two ſcales of lines at right 
angles to one another. 


2d. Finp the half ſum of the given lines (S 4 


= 65); alſo find the half difference of thoſe line 
(= == 25). 
2 
3d. Tak, with the compaſſes, the lateral diſtance 
of the half ſum (65), -and apply one foot to the half 
difference (25), the other foot tranſverſely will reach 


to (60).the mean proportional required: For 40: 60 
: 60: 90.” 


PROBLEM 


| 
[ 
| 
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PROBLEM XIV. 
70 divide @ given line into any propoſed number of 
equal paris: (ſuppoſe 9). 


Max= the length of the given line, or ſome known 
rt thereof, a tranſverſe diſtance to 9 and 9 : Then 
will the tranſverſe diſtance of 1 and 1, be the + part 
thereof; or ſuch a ſubmultiple of the 5 part, as was 
taken of the given line. 
Ox the = part, will be the difference between the 
given line, and the tranſverſe diſtance of 8 and 8. 
Tus latter of theſe methods is to be preferred when 
the part required falls near the center of the inſtru- 
ment. 
To this problem may be referred the method of making 
a ſcale of a given length, to contain a given number of 
equal parts. 14 a | 
Tas practice of this is very uſeful to thoſe who have 
occaſion to take copies of ſurveys of lands; draughts 
of buildings, whether civil or military; and in every 
other caſe, where drawings are to be made to bear 
a given proportion to the things they repreſent. | 


Exam. Suppoſe the ſcale to the map of a ſurvey is 
6 inches long, and contains 140 poles; required to open 
the ſeftor ſo, that a correſponding ſcale may be taken 
ſrom the line of lines. | 


Soruriox. Make the tranſverſe diſtance 7 and 7. 
(or 70 and 70, viz. ==) equal to three inches (= 2); 
and this poſition of the line of lines will produce the 
given ſcale. 

If it was required tio make a ſcale of 140 poles, and 


to be on:y two inches long. 


'SoLuTION. Make the tranſverſe diſtance of 7 and 7 


equal to one inch, and the ſcale is made, 


EXAM, 
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Exam. II. . make a ſcale of 7 inches long contain 
180 fathoms. 


 SoLuTIOoNn. Make the tranſverſe diſtance of 9 and 
g equal to 3% inches, and the ſcale is made. 


Exam. III. To make à ſcale which ſhall expreſs 286 
yards, and be 18 inches long. 


SoLuTion. Make the + of 18 inches (or 6 inches) 
a tranſverſe diftance to the 4 of 286 (= 955) and 
the ſcale is made, 
On, Make the + of 18 inches (= 4+ inches) a 
, tranſverſe diſtance to 4 of 286 (= 717), and the ſcale 
is made. 


Exam. IV. To divide a given line (ſuppoſe of 5 inches) 
into any aſſigned proportion (as of 4 to 5). 


.SoLUTION. Take (5 inches) the length of the given 
line, between the compaſſes, and make this a tranſ- 
verſe diſtance to (g and 9) the ſum of the propoſed 
parts; then the tranſverſe diſtances of the aſſigned 
numbers (4 and 5) will be the parts required. - 


PROBLEM XV. 


The uſe of the line of lines in drawing the orders of 
Civil Architefiure. | 


Ix this place it is intended to give ſo much of Ar- 
chitecture as may enable a beginner to draw any one 
of the orders; but that the tollowing precepts may 
be rightly underſtood, it will be proper to explain a 
few of the terms. 


DEFINITIONS. 


1. ARCHITECTURE is the art of building well; 
and has for its object the Convenience, Strength, and 
Beauty of the building. 


2 2. Or- 
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2. OxDxx in Architecture, is generally underſtood 
as Ornament, and conſiſts of three grand parts, 
namely; 

TRE ENTABLATURE, which repreſents, or is, 
the weight to be ſupported. 

* Taz CoLumn, that which ſupports any weight. 

. Taz PEDESTAL or foot whereon the Column iS 
ſet for its better ſecurity. 

'Eacn of theſe parts conſiſts alſo of three parts. 

6. TRE Pedeſtal is compoſed of a BASE, or lower 
part, a Dix, and a Cornice, or upper part. 

Tun Column'is made up of a Bast, a Sharr, 

which is a middle part, and a CAPITAL, the upper 
art. 

F 8. ThE Entablature conſiſts of an ArcnuiTrRave, 


or lower part, a FREEZE, the middle part, and a 


CoRNice, the upper part. 
So that an Order may be ſaid to conſiſt of nine large 
darts, each of which is made up of ſmaller parts 
called Members; whereof ſome are Plane, ſome Cur- 


ved, either convex or concave, or convexo-concave. 


PLanz members of different magnitude have dif- 
ferent names. 

9. A FiLLET or {ft is the leaſt plane or flat mem- 

r. 

10. A PlIx TE is that flat member at the bottom 
of the Pedeſtal, or of the baſe of the Column. 
II. A PLATEBAND, that at the top of the Pedeſtal, 
or the upper member of the Architrave in the En- 


tablature. 


12. Ax ABacvs, that at the top of the capital. 
13. Taz Faci or faces are flat members in the 
Architrave, 
14. Tye Corona is a large flat member in the 
Cornice. 
Tux Convex members are, 
16. Ax ASTRAGAL of a ſmall ſemicircular con- 
vexity. 


EARS 85 16. Tux 
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16. A FusaroOLE when an Aſtragal is cut into parts 
like beads. 

17. A Torvs a large ſemicircular convexity, 

18. AN OvoLa nearly of a quadrantal convexity. 

Tur Concave members are, 

19. A CaverTTo nearly of a quadrantal concavity. 

20, A ScorTlE of a concavity nearly ſemicircular. 

Tae Convexo-Concave members are a Cymaiſe 
and a Cima. 

21. A CyMaist or Ove, that whoſe convex part 
projects moſt; and by workmen is uſually called an 
OoEE. 

22. A Cima that whoſe concave part projects moſt. 

23. SOFFIT is the under part of the Crown of an 
Arch, or of the Corona of an Entablature. 

24. TRIGLIPHs (7. e. three channels) is an Orna- 
ment in the Freeze of the Doric Order. 

25. MeTops (i. e. between three's) is the ſpace of 
the Freeze between two Trigliphs. 

26. Mopitions, or MuTuLEs, are the brackets 
or ends of beams ſupporting the Corona, In the 
Corinthian Order they are generally carved into a 
kind of Scrol. 

27. DEeNTELs are an Ornament looking ſomewhat 

like a row of teeth; and are placed in the Cornice of 
the Entablature. 
Ix is cuſtomary among Architects to eſtimate the 
heights and projections of all the parts of every-order 
by the diameter of the column at the bottom of the 
ſhaft, which they call a module; and ſuppoſe it to 
conſiſt of 60 equal parts, which are called minutes. 


Of the TUSCAN ORDER. 


THr1s order, which ſome writers liken to a ſtrong 
robuſt labouring man, is the moſt ſimple and una- 
dorned of any of the orders: The places moſt re- 
commended to ule it in, are country farm-houſes, 

ſtables, 
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Rables, gateways to inns, and places where plainneſs 
and ſtrength are reckoned — neceſſary: Though 
there are inſtances where this order has been applied 
to buildings of a more public and elegant nature. 
Tux general proportions aſſigned by Palladio. 
1. Heicar of the column equal to ſeven diame- 
ters, or modules. | 
2. Hxicar of the entablature equal to one fourth 
of the column, wanting half a minute. 
3. Heicnr of the pedeſtal equal to one module. 
4. Tre capital and baſe, each half a module. 
5. BxEADTH of the baſe on a level is 15 module. 
6. BxEADTH of the capital equal to one module. 
7. DiMINnISHING of the column is + module. 
8. PROJECTION of the beams ſupporting the eaves 
is 14 modules. > 

9. In colonades, the diſtance of the columns in the 
Clear is 4 modules. 

10. In arches, and the columns ſet on pedeſtals, 

The diſtance of the columns from middle to 

middle is 6-5; modules | 
Height of the arch is 74 modules. 5 
Breadth of the pilaſter between the column and 
paſſage is 26 minutes. ä | 
Tx ovolo under the corona, in the cornice of the 
entablature, is commonly continued within the coro- 
na, giving it a reverſe bending in the foffit, ſomething 
like a cyma. 


t 


Of the Doric ORDER. 


Tuts order, ſuppoſed to be invented by Dorus a 
king of Achaia, may be likened to a well limbed gen- 
teel man; and although of a bold aſpect, yet not ſo 
ſturdy and ruſticly clad as the Tuſcan. Architects 
place this order indifferently in towns : But when they 
would decorate a country ſeat with it, the open cham- 
paign ſituation ſeems beſt for the reception of the 

© | Doric 
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Doric order ; notwithſtanding which, there are many 
fine buildings of this order in other ſituations, where 
they have a very pleaſing effect, "= 

Tae following general proportions are given by 
Palladio, | | 2243 | 

1. Heicar of the column from 7 to 8, and 8x 
modules. | 

2. HEIOH of the entablature is one fourth of the 
column. | | | 

3. Hzicar of the pedeſtal equal to 25 modules. 

4. Tux Attic baſe is uſed with this order, it ig 
half a module in height, and ſo is the capital. | 

53. BxzapTa of the column's baſe is 15 module. 

6. BxeapTa of the capital is 1 module 17+ mi: 
nutes. — 

7. DiminisHING of the column is 8 minutes, 

8. Ix colonades, the diſtance of the columns in the 
clear is 24 modules, | 

9. In arches, and the column ſet on pedeſtals, 

Diſtance of the columns from middle to. mid- 

dle is 75 *modules. . _ 
Height of the arch to its ſoffit is 10% modules, 
Breadth of the pilaſters is 26 minutes, | 

In the Doric order the architrave has two faces and 
a plinth ; the upper face is ornamented with rows of 
ſix drips or bells, covered with a plain cap: The 
freeze is divided into trigliphs and metops : The 
breadths of the drips, cap and trigliphs are each +5 
module: The trigliphs conſiſt of two channels, two 
half channels, and ; 588 voids ; the breadths of the 
channels and voids are each 5 minutes : The axis of 
the column continued, runs * the middle void, 
leaving the drips three on each ſide: The metops, or 
diſtances between the trigliphs, are equal to the height 
of the freeze, and are commonly ornamented with 
trophies, arms, roſes, Cc. 


E Hg 
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Hrn follows a table for the particular conſtruction 
of the ornaments with which the architrave and freeze 
are enriched. 


: 


"OZ. FAS TETZ 7H 


Capital 
. {Freeze 
 - [I Trigliphs 


: 


0 


| Drips 1 | 


Tux column ſigned altitude gives the heights of the 
particular parts. | 

Trar ſigned projection ſhews the breadths of 
thoſe parts on each ſide of the middle line of the 
column continued. he 
Ax under the word profile ſtand the numbers 
ſhewing how far the ſeveral parts project beyond the 
plane? or faces of the members on which they are 
made. 1 
Tus ſoffit of the corona in the cornice of the enta- 
Plature, is uſually ornamented with drips correſpond- 
ing to the trigliphs, and roſes, arms, &c. over the 
metops. | 
Tux ſhaft of the column is ſometimes fluted ; that 
is, cut into channels from top to bottom, the chan- 
nels meeting one another in an edge, and are in num- 
ber twenty. 


Of the Ionic Ox DER. 


Tus order, which is taller and ſlenderer than the 
Doric, does not appear with ſuch a maſculine ſtrength | 
+ : — , an 


bl 
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and is by ſome writers compared to the figure of a 
graye matron. The Jonians who invented this order, 
applied it chiefly to decorate their temples : But 
when applied to the ornamenting a country palace, 
the fich and extended vale ſeems a proper ſite: 
Workmen indeed uſe it indifferently in every place. 

Palladio gives to the Ionic order the following ge- 
neral proportions. 

þ our of the column to be 9 modules. 

2. THe altitude of the entablature is equal to £ 


that of the column, and divided for the architrave, 


freeze, and cornice, in the proportion of 4, 3, .5- 


3. Tux height of the fe ehen equal to 2 modules 


374 minutes; or r of the column. 

4. Hir of the baſe : module; its breadth 1 mo- 
dule 22+ minutes. 

5, HEzicart of the capital and volute is 314 mi- 
nutes, and the breadth of its abaco is 1 module 33 
minutes. 

6. Diuixuriox of the column is 74 minutes. 

7. In colonades, the diſtance of the columns in 
the clear is 24 modules. 

8. In arches, and the columns ſet on pedeſtals, 

_- Diſtance of the columns from middle to mid- 

dle is 7; modules. 
Height of the arch to its ſoffit is 11 modules, 
Breadth of the pilaſters is 26% minutes, between 
the column and arch. _ | 

THz diſtance of the modilions in the entablature 
is 22 minutes, and the breadth of each modilion is 
10 minutes; the axis of the column produced always 
paſſes through the middle of a modilion, which in this 
order is a plain block repreſenting the end of a beam. 
The three moſt elegant remains of the ancient Ionicorder 
in Rome have their cornice ornamented with dentels 
inſtead of modilions; and it is the opinion of ſome, 
eminent for their taſte in Architecture, that in this 
order dentels would have a better effect than modili- 

E 2 ons; 
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ons; the heights of theſe dentels were uſually twice 
their breadth, and their diſtances half their breadth. 
Tn x freeze of this order is uſually made ſwelling, 
and is formed by the ſegment of a circle, whoſe chord 
is paralle] to the axis of the column, and the ſwell- 
ing projecting as far as the plateband of the archi- 
- Ttrave. 

Tux volutes of the capital are now made. to, project 
in the directions of the diagonals of the ſquare cap, 
or abaco, over the volutes, ſo that their drawing 
ſhould be expreſſed like the volutes in the Roman 
order : They are much better drawn by an eaſy hand, 
than by any rules for deſcribing them with the com- 
paſſes, obſerving the limits of their altitude and pro- 
jection: But the volutes in the ancient examples of 
this order were curled in a plane parallel to the ar- 
chitrave. Theſe volutes are Bappoted to repreſent the 
plaited treſſes in which the Grecian women uſed to 
dreſs their hair. | op RT, 
Tux ſhaft of the column is ſometimes fluted, leav- 
ing a fillet or lift between each channel : In this order 
there are 24 flutes and fillers. 4s a 


F the CoRINTHIAN ORDER, 


Tus order, the moſt elegant of all, is by ſome 
compared to a very fine woman clad in a wanton 
ſumptuous habit; It was invented at Corinth, and 
Toon ſpread into other places to adorn their public 
buildings. A proper rural ſituation for this order, 
ſeems to be a 5 commanding a rich and beautiful 
prof] ect in a fine watered vale. 

* Tar general proportions aſſigned by Pallad:o are; 
1. Tur height of the column to be 9 modules. 
2. He1cur of the entablature equal to + that of 
the column; the architrave, freeze and cornice to be 
in the proportion of 4, 3, 5; and the projection of 
the cornice equal to its height. 

NE 226 ph 3. HEIOHT 
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\ 3. Heicar of the pedeſtal equal to + of the co- 
umn. 

4. Tur height of the capital to be 15 module; of 
which the abaco is gz of a module; its horns project- 
ing over the bottom of the column + of a module. 

5. Taz height of the baſe equal 10 2 module; and 
its greateſt breadth to be one module and a fifth. 

6. Tur diminution of the column to be 8 minutes, 

7. Ix colonades, the intercolumniation is 2 mo- 
dules. 

8. Ix arches, and the columns ſet on pedeſtals, 
The diſtance of the columns, from middle to 
middle, to be 6 modules. 
Height of the arch equal to 11% modules. 
Breadth of the pilaſter, between the column and 
ſides of the paſſage, to be 27 minutes. 

Ix this order, the ſhaft is frequently cut into 24 
flutes, which are ſeparated from one another by as 
many fillets, 

Tux capital is compoſed of three tiers of leaves, 
eight leaves in a tier, with their ſtalks or ſcrols, en- 
circling the body of the capital, which repreſents a 
baſket, whoſe bottom is juſt as broad as the diameter 
of the top of the column within the channels : The 
ornaments of this capital are beſt done by hand, with- 
out rule or compals, obſerving the proper altitudes 
and projections of the parts. 

Tux architrave 2 ſts of three faciæs, three fu- 
ſaroles, an ogee, and a plateband; the firſt, or lower 


faciæ projects the ſame as the top of the ſhaft. 


Tux freeze, which projects the ſame as the top of 
the ſhaft, has its lower part turned into a kind of 
cavetto, terminating with the 2 of the plate- 
band of the architrave. 

Tae breadths of the dentels are I minutes, and 
their diſtance 14 minutes. 

Tux breadths of the modilions 1 114 minutes, 
and their diſtance in the clear 23% minutes. wy 

"EY | Tas 
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Tux middle of a dentel ſhould be under the mid- 

dle of a modilion, and the axis of the column paſſes 

through the middles of both' dentel and modilion. 


_ Of the ComposiTE ORDER. 


Tus order (the poor invention of the Romans, and 
therefore — called the Roman order), is uſu- 
ally compoſed of the Corinthian and Ionic; the fonic 
capital being ſet over the two lower rows of leaves in 
the Corinthian capital. | 

Palladio gives us the following general proportions. 

1. Tux height of the column to be ro modules. 
2. Tux height of the entablature equal to + of the 
column; the architrave, freeze, and cornice, in the 
proportion of 4, 3, 5 ; the freeze ſwelling like that of 
the Ionic. | 

3. Hercar of the pedeſtal to be + of the column. 

4. He1cnr of the capital equal to 14 module; of 
which the abaco is g module, its horns projecting 
from the center of the column 1 module. BJ 
5. Hier of the baſe 314 minutes, and its great- 
eſt breadth 1+ modules. 

6. DrmInvuT10N of the column equal to 8 minutes. 
4 { Is colonades, the intetcohumniation is 14 mo- 
Ules. 


8. In arches, and the columns ſet on pedeſtals, 
Diſtance of the columns from middle to middle 
is r modules. 
Height of the arch equal to 127 modules: In 
the clear, the height is to the ſpart as 53 to 2. 
The breadth of the pilaſters between the column 
and arch is e modules, or 42 minutes. 
Ix this order the ſhaft, if fluted, is to have 24 
channels and 24 fillets, one between each two flates. 
THe volutes of the capital are angular, to have the 


fame appearances on every fide, and they are drawn 
like 71 in the Ionic. ; f | 
9 HE 
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Tur modilions in this order are worked into two 
faces, with an ogee between them; the breadth of the 
lower face 9 minutes, that of the upper 124; the 
diſtance of two modilions at the upper faces is 20 mi- 
nutes, and at the lower faces 23 minutes; the axis of 


the column paſſing 9 the middle of a modi- 
lion. 


To draw the Mouldings in Architefure. 
Tu terminations or ends of flat members, are right 
lines. 


Tux aſtragal, fuſarole, and torus, are terminated 
by a ſemicircle. 


To deſcribe the Torus. Fig. 1. Plate I. 
On as, its breadth, deſcribe a ſemicircle. 


To make an Ovele, * breadth is AB. Fig. 2. 


Mak E ac = + or 4 of as, and draw cs. 
Maxx the angle cBv equal to the angle gp. 


THren the interſection of BD with ca will give D 
the center of the are BC. 


Or, Deſcribe on ze an equilateral triangle ; and 
make the vertex the center. 


Tux former of theſe methods is the moſt graceful. 


To make a Sean. whoſe breadth is AB. Fig. 3. 


Makk Ac = 4 or + of AB; draw Bc, and produce 
the bottom line towards v. 


Mak an angle Bep' equal to the angle csp. 


Trex p, the interſection of cp with Bp, is the cen- 
ter ſought. 


Or, On Bc deſcribe an equilateral triangle, and the 
vertex will be the center. 


To make à Scotia, whoſe Jonah is AB. Fig. 4. 
Makk ay equal to + of as. 


E 4 Ox 


Ly 
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the ſquare Bp. e Naa * * 
Tux c is the center of the arc Er, and p the 
kenter of the arc x6. | 


"To make à Cima, whoſe breadth is av. Fig. 6. 
Maxx ac equal to about + of 4s. | 

Draw the right line cs, which biſect in v. 

On op and DB; make iſoſceles triangles, whoſe legs 
DE, DF, may be each ? of the baſe co, DB; and the 
vertexes E and r will be the centers of the arcs on,; 
DB. | 
"Ok, The centers of the arcs cp, ps, may be found 
by deſcribing equilateral triangles on the right lines 
CD, DB. „L. | | | 
To make a Cymaiſe, cr Oger, whoſe breadth is AB. 
Fig. 6 7 8 DT 
Mak AC equal to about g of as. $8 

Draw the right line cs, which biſect in v. 

_ TaRovcn p draw the right line xx, ſo, that the an- 
gle cpr may be equal to the angle pct ; meeting the 
upper and lower lines in x and x. 
THEN E is the center of the are cp, and x the cen- 
ter of the are oh. 


To agſeribe the: carve joining the ſhaft of a column with 
its upper or lower fillet, the projetion of AB being given. 

Mak ac.cqual to twice AB. ES 
ep RAY op parallel to AB, and equal to 4 of ac. 


* 
- 


* 


HEN D is the center of the arc 8. 


wt 


D Brits the gradual diminution of 6 Column. Fig. 8. 
Da aw the axis aB of the intended length of the 
ſhaft ;. and parallel thereto, at halt a module diſtance, 
draw ED; make ce equal to half the proper diminu- 
tion, and draw EF parallel to BA. 

ut) 8 0 1 MAE R 


, On AF deſcribe the ſquare ac, and on ar deſcribe 2 


— — —— - — 
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Maxx as,equal to one third of as; and ſo high is 
the ſhaft to be parallel to its axis; through G draw al 
at right angles to AB. 

Ox ui deſcribe a ſemicircumference cutting the line 
EF in the point 4 ; divide the arc Hf into equal parts 
at pleaſure, ſuppoſe 4; and through thoſe points draw 
the lines 11, 22, 33, 44. 

Divide the line on into a like number of equal 
parts, as at the points a, b, cz, and through theſe points 
draw lines parallel to in; making a@ = 11, * 2215 
CC — 

Tage a curved line drawn through the extremities 


N, a, b, c, E, will limit the gradual diminution re- 
quired. 


Pialladio defies another method, which i is more 
ready in practice. 

Lay a thin ruler by the points p, n, E, and the 
denen of the ruler will give the gradual diminution 
required. 


To deſcribe the Volute of the Ionic order. Figs. 9, 10. 
Tux altitude AB, which is g of a module, or 264 
minutes, is divided into 8 equal parts, viz. 4 from e 


to A, and 4 fromctoB; upon cD = 3%, one of theſe 


parts, a circle is deſcribed, and called the eye of the 
volute, which correſponds with the aſtragal of the 


column. 


PALLap1o gives the following manner of finding 


the 12 centers of the volute, which he diſcovered on 
an old unfiniſhed capital. Fig. g. 


Wirhix the eye of the volute inſcribe a ſquare, 
whoſe diagonal is cp; in this ſquare draw the two di- 
ameters 13, 24, and theſe four points 1, 2, 3, 4, are 
the centers of the arcs AI, 1B, Bg, 34, Which forms 
the firſt revolution, 


Taz centers of the arcs forming the ſecond and 


third revolutions are thus found; fee the eye of the 


volute drawn at large. Fig. 9- 
| Divipk 


. 


Drvrdx the radii or, 02, 03, 04, each into 3 equal 
parts, as at the points 5, 6, 7, 8, 9, 10, 17, 12, and 
theſe will be the centers of the remaining arcs, the 
laſt of which is to coincide with the point e, in the 


diene obſerving that in this conſtruction the 
ends and beginnings ot the arcs were not at right an- 
s to the ſame radii, contrived the following con- 
ruction. See Fig. ro. and its eye drawn at large. 
Vox one half of cp, defcribe the ſquare 1, 2, 3, 
4 3 and draw the lines 02, 03; divide. 01, 04, each 
iro 3 equal parts; then lines drawn through thoſe 
points parallel to r, 2, their interſections with 14, 
O2, 03, will be centers of the volute. 
80 the points, r, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 
will be the centers of the twelve arcs which together 
form the outward curve of the volute. 
Is either method, the centers of the inner curve 
may be thus found. . tat 
Take oa equal to 2 of 01; divide oa into three 
equal parts, and theſe diviſions will give centers of the 
inner curve; the two eyes drawn at large will ſhew 
bow the 12 inner centers are found, where they are 
diſtinguiſhed by large points; the 12 centers of the 
ourward curve being marked by the figures. 
Is the defcribing of theſe volures, it will frequently 
happen, that the laſt quadrant will not fall on its true 
termination, oecdGanicl by the radir of the ſeveral 
quadrants not being exactly taken by the compaſſes: 
In order to avoid this inaccuracy, at leaſt in ſome de- 
gree, here is fubjoined a table ſhewing the length of 
each radius, computed from Goldman's method: But 
it may alfo be applied to Palladio's, the radius of 
the largeſt quadrant not differing +34 of a minute, 
or e of a module from the truth; and excepting 
the arc defcribed from the firſt center, the reſt may be 
made quadrants m the fame manner as ſhewn in Gold- 
man's method. CE aa W 
$434 aa : AT a 
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A TABLE of the lengths, in minutes, of the ſeveral 
radii of the outward and inner volutes. 


| 4 2 2 - = n 8 


n 
* _— 


Ne Outward Inward I Parts of int rad. 
Rad.] Curve. | Curve. | Outward. Inward. 


8 = bog _. 
1 5 = 14,166 — oOo, 00 88, 969 


| | 2 £2 = 12,500 235 =11,146|| 88,235 [78,677 
| - | | 
5 =10,833 = 9,687}| 76,468 [68,379 
5 | 


3 
4 E 966 f = 8,229 | 64,705 58,087 
| | 1oto | | 
= ini 70 545901 _ 
6 


n | _ 6,666 = 6,041]] 47,058 42,042] 
7 = 55555 14. 5.069 39215 35.781 

8 _ 4444 = 4,097 31372 28, 920 

98 3.671 = 3,3680 25,490 [23,774 

- | 10 25 3065 . = 2,882 21,508 20, 343 

| 11 28 = 2,5 0/265 3950] 17,647 16, 906 

LE e- eee Þ7 


To uſe this table, a ſcale of of a module ſhould 
be made, and divided into 15 minutes, and the ex- 
tream diviſion decimally divided, whereby the lengths 
of the feveral radii may be taken: But as the ſector 
is an univerſal fcale, there are two other columns add- 


cd, 
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ed, applicable to the ſector; where the longer radius 
14, 166 is made a tranſverſe diſtance to 10 and 16, 
or 100 and 100, on the line of lines, and all the other 
radii of both curves are proportioned thereto : Now 
the centers of the curves being found as ſhewn in the 
eyes of the volute, the ſeveral radii may be taken from 
the ſector, and the curves more accurately deſcribed 
than by any other method. 


To deſcribe the Flutings and Fille's in channelled co- 
lumns. Fig. 11. 


Ix the Doric, the circumference of the column be- 
ing divided into 20 equal parts (here the 5 circumfe- 
rence is divided into 4), of which ab is one; on ab 
deſcribe a ſquare, and the center c of that ſquare is the 
center of the channel or flute required, 

In the Ionic, and Corinthian, divide the circumfe- 
rence of the column into 24 equal parts (here the + 
circumference is divided into 6), of which ad is one; 
divide ad into 4 equal parts; then ae = 42d is the 
breadth of the flute, and ed = rad is the breadth of 
the fillet. _ 

Tux flutes are ſemicircles deſcribed on the chords 
of their arcs in the column. | 


In the three following tables are contained the 
heights and projections of the parts of each order, ac- 
cording to the proportions given by Palladio; the 
orders of this architect were choſen, becauſe the 
Engliſb, at preſent, are more fond of copying his pro- 
ductions, than thoſe of any other architect. 

Tur firſt table ſerves for the pedeſtal, the ſecond 


for the column, and the third for the entablature, of 


each order. Each table is divided into ſeven principal 
columns: In the firſt, beginning at the left hand, is 
contained the names of the primary diviſions; in the 
ſecond thoſe of the ſeveral diviſions and members in 


the orders; and the other five, titled with Tuſcan, 


Doric 


— 
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Doric, Ionic, Corintbian, Roman, contain the numbers 
expreſſing the altitudes, and projections taken from 
the axis, or middle of the column, of the ſeveral 
members belonging to their eee oxoers 

Tux column containing each order, is divided, firſt 
into two other columns, one ſhewing the altitudes, 
and ſigned Alt. and the other, the projections, and 
ſigned Proj. Each of theſe is alſo divided into two 
other columns, one containing modules, and marked 
Mo. and the other, the minutes and parts, and mark- 
ed Mi. | 

Un the table of the pedeſtal] there is another 
table, ſhewing the general proportions tor the heights | 
of the orders. 

In each of the orders of architecture, the height of 
the order, and the diameter of the column, have a 
conſtant relation to one another. 

THEREFORE, if the diameter of the column be 
given, the height of the order is given allo: And hay- 
ing determined by what ſcale the order is to be drawn, 
ſuch as = inch, 1 inch, 2 inches, Sc. to a foot or 
yard, Sc. Take from ſuch ſcale, the part or parts 
expreſſing the diameter of the column, and make this 
extent a tranſverſe diſtance to 6 and 6 (7. e. 60 and 60) 
on the ſcales of lines, and the ſector will be opened 
ſo, that the ſeveral proportions of the order may be 
taken from it. 


Exam. Suppoſe the diameter of a column is to be 18 
inches; and the drawing of the order is to be delineated 
from a ſcale of an inch to a foot : that 1s, the diameter 
of the column in the drawing is to be an inch and half. 


Makk the tranſverſe diſtance of 6 and 6, on the 
ſcales of lines, equal to 14 inch, and the ſector is 
fitted for the ſcale. 

Ir the height of the order 1s given, divide this 
height, by the height of the order in the table; and 
the quotient will be the diameter of the column. 


I Exam, 
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Exam. What muſt be the diameter of the column in 
the Tonic order, when the whole height of the order is 
fixed at 18 feet 6 inches. $52 


Tux height of the order in the table is 13 mo. 
29% mi. = 13-2 = 13,4875 modules: And 18 f. 


18,8 
6 in. = 18,5 feet. Therefore 154% 8709 feet 


= If. 4+ inches nearly: And the ſector may be fitted 
to this, as before directed, according to the intended 
ſize of the draught. 


To delineate an Order by theſe Tables. 


Havinc determined the diameter of the column at 
bottom, and ſet the ſector to the intended ſcale, draw 
a line to repreſent the axis or middle of the order. 

Ox this line, lay the parts for the heights of the 
pedeſtal, column, and entablatyre, taken from the 

table of general proportions. 5 
Wrrgix each of theſe parts reſpectively, lay the 
ſeveral altitudes taken from the tables of particulars, 
under the word Alt. Through each of the points 
marked on the axis, draw lines perpendicular to the 
axis, or draw one line perpendicular, and the others 
parallel thereto. 

Ox the lines drawn perpendicular to the axis, lay 
the projections correſponding to the reſpective alti- 
tudes; theſe projections are to be laid on both ſides 
of the axis, for the pedeſtal and column; and only 
on one ſide, for the entablature, join the extremities 
of the projections with ſuch lines as are proper to ex- 
preſs the reſpective mouldings and parts: And the 
order, excluſive of its ornaments, will be delineated. 

As the altitudes of many of the parts are very ſmall, 
it will not be convenient, if poſſible, to take from the 
ſcale of lines, ſuch ſmall parts alone; therefore it may 


be 
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be beſt to proceed as in the following example of the 


Tonic order. 


To conſtra? the Pedeſtal. Plate II. 

In the line ap, which repreſents the axis of the 
order, take the baſe 44 = 424 min., the die ad = 
1 mod. K 35 min.; and the capital dp = 224 min. 
Then to draw the ſmall members in the baſe and 
cornice, proceed thus. 

To the minutes in the baſe, 422, add ſome even 
number of minutes, ſuppoſe 30 = as, and the ſum 
72+ is equal to AB; then compoſe a table, ſuch as the 
following one, wherein the alt. of the plinth is ſub- 


tracted out of the No. 72+ ; then the torus out of this 


remainder; then the cyma out of this remainder 3 
then the fillet out of this; and laſtly, the cavetto out 
of this remainder. Thus, Min. 


Baſe with go minutes 72 
This leſs by the plinth, 2845, remains . . , 44 
This leſs by the torus, 4, remains. . 40 
This leſs by the fillet, or, remains. . 394 
This leſs by the cyma, 5, remains. . 344 
This leſs by the fillet, 4, remains . 33+ 
This leſs by the cavetto, 32, remains. . . 30, 
the minutes firſt added. 


Tux the ſeveral numbers in the table may be 
taken from the line of lines on the ſector, and ap- 
plied from B towards a. Thus, 

Mare BI = 44, B2z = 40, Bg = 395, B4 = 3443, 
B3 = 33+ draw lines through theſe points at right 
angles to AD, and on theſe lines lay the reſpective 
projections, as ſhewn in the general table; then the 
proper curvature or figure being drawn at the ex- 
tremities of the numbers, the baſe of the pedeſtal 
will be made. 

IT will be found moſt convenient to lay off the 
numbers from the greater to the leſſer ones; for then 
there is only one motion required in the joints of the 

com- 


18 — —— — 
4 
1 22 ä 4 
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compaſſes, which is, to bring them cloſer and cloſer 
every diſtance laid down. 

AND in the ſame manner, for the cornice of the 
pedeſtal, take a point C, 30 minutes below the cor- 
nice; and tabulate as before. 


—A 30M... . oc 524 =3 ON 
This leſs by the fillet or cap, 22, leaves 504 = c1 
z TID... - —_—... 50 ditto 463. = c2 
A corona 47 424 = C3 
=, —_ $5. 4608 
r es 
TSS. -. OR 17 „ „ 3 


— »» 3. 30 S od. 

Tuxsz numbers laid from c — D, gives the 
altitudes of the members of the cornice. 

Ix like manner the mouldings about the baſe and 
capital are laid down, by taking 30 minutes in the 
ſhaft both above the baſe and below the capital; hav- 
ing firſt ſet on the axis, the — heights of the 
baſe, ſhaft, and capital, 


Thus for the Baſe. 
Taz baſe 334 min. with 30 added = 632 = 50 
This leſs by the plinth 10 min. leaves 332 =s1 


SRD ..- - > torus 77 e oO 08- 28 
Ditto. . . fillet I; - „ 45 = 
EE nts: 43. . 404, = 36 
Ditto —_—  . „ 
0 3 
LEED ©. + » « aſtragal 2; „ «i. "$31": 
ID: n 30 = 88, 


$8 is here ſuppoſed to be go, though the plate is 
not high enough to admit 30 minutes to be laid in 
the ſhatt of the column. 
For the Capital. 
Tre capital 24+ with 30 added, gives 545 = "0 
This leſs by the plateband 12, leaves 321 = F1 
Ditto . ogee , 34 4 
This 


* © EEG OSHS SS „ „% „ „„ „% „„ 
” 


'4 
— « 


vb... 
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This leſs by the rim of volute 15, leaves 475 = F3 


e hollow 5 . 42 = 4 
OO 4 ovolo . . 77 . . +. 35 = F5 
—_ aſtragal 32 - . 314 =F6 
. fillet” . - - 30 . 


To conſtruct the Cornice. 
In the axis take 64 = 36 for the architrave, ui = 
27 for the freeze, and ix = 46 for the cornice. TI hen, 


For the parts of the Architrave, 
To the freeze 27 add nc 36, gives 63 =16 
This leſs by the firſt face 62, leaves 565 =11 


r falgrole” . . . 56 1B 
. 2d face . 82. 46 = 13 
OO EG fuſarale 2 ... 4445 =14 
ER. 3d face 10 . . . 34rs=15 
TEND". > % - - 4+ » - 205 810 
ETC BIT «©. 25» oo AY 


For the Cornice. A 
To the freeze 27 add the cornice 46, gives 73 =HK 
This leſs by the fillet — . 2+, leaves 702 = 


R o - Sn 
TED --- - - « «et |. 1 | > » + - C2HENNS 
. „ 34 » $0 mn 
ERQN : . - - n 8 {'. c.. » 53 85 
. . „„ « 48 88d 
„ modilion 7+ . . 40 2 7 
LED _. |. . - - ict |. 15+ « .-- - 30 ns 
„ o οjẽj 6 33 
e 32 =H1O 
5 0 27 . 


TaBLEs may be made in like manner for either of 
the orders, to be taken from the ſector: The projec- 
tions from the axis being all ot them large numbers, 
they may be taken from the ſector eaſily enough after 
it is ſet to the diameter of the column, as before ſhewn. 

A LITTLE reflection will make this very clear, and 


perhaps more ſo, than by beſtowing more words thereon. 
F A T aBL8 
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Se cr, XII. 
Some Uſes of the Scales of Polygons. Pl. VI. 


PROBLEM XVI. 


In a given circle, whoſe diameter is as, to inſcribe a 
regular oflagon. Fig. 22. 


SoLvTION. Or xx the legs of the ſector, till the 
tranſverſe diſtance of 6 and 6, be equal to as: 


Then will the tranſverſe diftance of 8 and 8, be 


the ſide of an octagon which will be inſcribed in 
the given circle. 

Ix like manner may any other polygon not exceed- 
ing 12 ſides, be inſcribed in a given circle. 


PROBLEM XVII. 
On a given lite as, to deſcribe @ regular pentagon. 
Fig, 23. 
SOLUTION. 1ſt, Make AB3 a tranſverſe diſtance to 
5 and g. 
2d. Ar that opening of the ſector, take the tranſ- 
verſe diſtance of 6 and 6; and with this radius, on 


the points 4, B, as centers, deſcribe arcs cutting in c. 


3d. On c as a center, with the ſame radius, de- 
ſcribe a circumference paſſing through the points a, 


B; and in this circle may the pentagun, whoſe fide is 


AB, be inſcribed. 

By a like proceſs may any other polygon, of not 

more than 12 ſides, be deſcribed on a given line. 
Taz ſcales of chords will ſolve theſe two problems, 

or any other of the like kind: Thus, 


In a circle whoſe diameter is as, to d:ſcribe a regular 


polygon of 24 ſides. Fig. 24. 


SoLuTION. 1ſt. Make the diameter as, a tranſverſe 


diſtance to 60 and 60, on the ſcales of chords. 


I jp 2d. 
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2d. Divips 360 by 24; the quotient gives 15. 

3d. Tak the tranſverſe diftance of 15 and 15, and 
this will be the chord of the 24th part of the circum- 
ference. | 

As there are great difficulties attending the taking 
of diviſions accurately from ſcales ; therefore in this 
problem, where a diſtance is to be repeated ſeveral 
times, it will be beſt to proceed thus. 

Wiru the chord of 60 degrees, divide the circum- 
ference into ſix equal parts. 

In every diviſion of 60 degrees, lay down, 1ſt. The 
chord of 15 degrees. 2d. The chord of 30 degrees. 
3d. The chord of 45 degrees, beginning always at 
the ſame point. 

Ir methods like this be purſued in all ſimilar caſes, 
the error in taking diſtances, will not be multiplied 
into any of the diviſions following the firſt. 


$636 $396 $6 95 5X96 097 $626 95 020-20 


SECT, XIV. 
Some Uſes of the Scales of Chords. 


HESE double ſcales of chords. are more con- 
venient than the ſingle ſcales, ſuch as deſcribed 
on the plain ſcale ; for on the ſector, the radius with 
which the arc is to be deſcribed, may be of any length 
between the tranſverſe diſtance of 60 and 60, when 
the legs are cloſe, and that of the tranſverſe diſtance 
of 60 and 60, when the legs are opened as far as the 
inſtrument will admit of. But with the chords on the 
plain ſcale, the arc deſcribed, muſt be always of the 
ſame radius, 


PROBLEM 


7 The Deſeription and Uſe 
PROBLEM XVII. 


To protrat?, or lay down, a right lined angle, zac, 
which ſhall contain a given number of degrees, Pl. VI. 


Cas I. When the degrees given are under 60 : Sup- 

% 46. Fig. 25. 
| iſt. Ar any opening of the ſector, take the tranſ- 
verſe diſtance of 60 60, (on the chords;) and with 
this opening, deſcribe an arc Bc. 

ad. Taxx the tranſverſe diſtance of the given de- 
grees 46, and lay this diſtance on the arc from any 
point B, to c; marking the extremitics B, c, of the 
ſaid diſtance. 

gd. Fzxom the center 4 of the are, draw two lines 
AC, AB, each paſſing through one extremity of the 
diftance Bc, laid on the arc; and theſe two lines will 
contain the angle required. 


Casz II. ben the degrees given are more than 60: 
Suppoſe 148. 

1ſt. D scx iE the arc Bc as before. | 

ad. TAkx the tranſverſe diſtance of 4 or 3, of th 
given degrees 148; ſuppoſe + = 49+ degrees; lay 
this diſtance on the arc thrice; viz. from B to a, from 
4 to , from & to p. 

3d. From the center A, draw two lines AB, AD; 
ad the angle BAD will contain the degrees required. 


Iden an angle containing leſs than 5 degrees, ſuppoſe 
9%, is 10 be made, it is moſt convenient to proceed thus, 


xt. Dzscx132 the arch pc with the chord of 60 
recs. | 
2d. From ſome point p, lay the chord of 60 de- 
grees to 0; and the chord of 563 degrees (= 60* — 
34*) from Þ to x. | 
3d. Lines drawn from the center A, through 
and x, will form the angle acz, of 3+ degrees. 


Ir 
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Ir the radius of the arc or circle is to be of a given 
length; then make the tranſverſe diſtance of 60 and 
60, equal to that aſſigned length. 

E1THER of theſe ſcales of chords, mn be uſed 
ſingly in the manner directed in the uſe of chords on 
the plane ſcale. 

Fach what has been ſaid about the protracting of 
an angle to contain a given number ot degrees, it will 
be eaſy to ſee how to find the degrees which are con- 
tained in a given angle already laid down. 


PROBLEM XX. 


To delineate the viſual lines of a ſurvey ; by having 
given, the bearings and diſtances from each other, of the 
ſtations terminating thoſe viſual lines. 


Exam. Suppoſe in the field- book of a aeg, the 


bearings and diſtances of the ſtations were expreſſed 
as follows: 


© Ganifice Station. 
B Bearing. 
D — Diſtance. 


© 1. B 70%0'D 1080 links. 
© 2. B 128 10 D 380. 
© 3-B 32 15 D 605. 
© 4.B287 30 D 766. 
| © 5-B 5045 D 940. 
© 6.8 73 55 Diovs. 
© 7.B18325D 700. 
© 8. B133 30 D F5rotoo5 
© 9. B 186 30 D 390 to O2. 
Return to Dyoo in O7. Olo. B 209 20 D 668 cutting 


[iſt D. 


Return to D 3 14 in 7. 


Return to O10. O11. B275 30 D 800. 
O12. B171 50 D 784 to Oi. 


1 Taz 
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Tur was are counted from the North, Eaſt- 
ward: Therefore all the bearings under 90 degrees, 

fall between the N. and E. or in the iſt quadrant. 
BARI s between go" and 1809, fall between the 
E. and S. or in the 2d quadrant. | 

Tos: between 180? and 270%, fall between the S. 
and W. or in the 3d quadrant. 


AND thoſe between 270 and 360%, fall between the 
W. and N. or in the 4th quadrant. 


mn, inſt Take from the chords the tranſ- 
verſe diſtance of 60 and 60, (the ſector being opened 
at pleaſure,) with this radius deſcribe a circumference, 
and draw the diameters NS. WE. at right angles. 
Pc. VI. Fic. 31. 

2d. The firſt bearing 70®. 5o' is in the firſt qua- 
drant, but being more than 60˙, take the tranſverſe 
- diſtance of the half of 77 500 and apply this extent 
inthe circumference twice from N. towards E, and 
the point correſponding to the iſt bearing will be ob- 
tained, which mark with the figure 1. 

3d. The ſecond bearing 128* 10', falls in the ſe- 
cond quadrant ; its ſupplement to 1809 is 51* 500 that 
is 51* 50' from the S. point. Now take the tranſverſe 
diſtance of 31 500, and apply it in the circumference 
from S. towards E, and the point correſponding to the 
ſecond bearing will be found, which mark with the 
figure 2. 

4th. The 3d bearing g2* 15), is to be applied Gm - 
N. to 3; The 4th bearing 2879 30o',is in the 4th qua- 
drant J therefore take it from 3609, and the remainder 
72% 30, is to be applied from N. towards W. and 
the point 4 repreſenting the 4th bearing will be 
known. 

Ix this manner proceed with all the other bearings, 
and mark the correſponding points in the circumfe- 
rence with the numbers 3, 6, 7, Sc. agreeable to the 
number of the bearing or ſtation. 


5th. 
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5th. Chuſe ſome convenient point on the paper to 
begin at, as at the place markt © 1. Lay a parallel 
ruler by c the centre of the circle, and the point in its 
circumference marked 1, and (by the help of the 
ruler) draw a parallel line thro'ꝰ O 1, the point choſe 
for the firſt ſtation, in the direction of the (ſuppoſed) 
radius C1 ; and on this line lay the firſt diſtance ; that 
is, take from a convenient ſized ſcale: of equal parts 
the extent of 1080, and transfer this extent from © 1 
to © 2; and this line will repreſent the firſt diſtance 
meaſured, laid down according to its true poſition in 
reſpect to the circle firſt deſcribed. 
oth. Lay the ruler by thecentre C, and the point in 
the circumference noted by the figure 2, and parallel 
to this poſition of the ruler, draw thro? the point © 2 
a line © 2 © 3, in the direction of the (ſuppoſed) 
radius C 2, and on this line lay from O 2 to © 2 the 
extent 580 taken from the ſame ſcale of equal parts 
the 1080 was taken from, and this line ſhall repreſent 
the ſecond meaſured diſtance laid down in irs true po- 
ſition relative to the firſt diſtance. | 
PROCEED in this manner from ſtation to ſtation until 
the line © 7 © 10 is drawn. | 
7th. Take from the ſcale of equal parts 314; and 
apply this extent in the line © 7 © 10 from'© 7 to 
© 8, and the relative point, where the eighth ſtation 
was taken, will be repreſented by the point O 8 ; then 
by the parallel ruler draw the line © 8:05, in the 
direction of, and parallel to, the (ſuppoſed) radius 
C8; and if the preceding work is accurately per- 
formed, this line will not only paſs thro' the point 
© ;, but the length of the line © 8 ©'g will be equal 
to 510, as the ſtation line was meaſured inthe field. 
sth. Now as the gth ſtation falls on the ſame point 
as the 5th ſtation did. draw the line © 9g © 2, and 
this line will not only be parallel to the (ſuppoſed) 
radius C 9, but will alſo meaſure on the ſcale of equal 
| parts 
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parts 390, the length meaſured in the field from the 
gth ſtation. 

gth. The 1oth ſtation is lern from the end of the 
line 700 meaſured from the 7th ſtation; therefore 
drawing from © 10 a line parallel to the (ſuppoſed) 
radius C 10, this line will concur with the firſt mea- 
ſured line at the diſtance of 668 from the point © 10. 

ioth. Returning to © 10 again, the ſame point is 
taken for the 11th ſtation, and the line © 11 © 12 is 
to be drawn parallel to the (ſuppoſed) radius C 11, and 
to be made of the length w 800 from the ſcale of 
equal parts; and this will give the point © 12 for the 
22th ſtation : Then drawing the line © 12 © 1, if 
the operation is every where truly done, this line will 
not only be parallel to the (ſuppoſed) radius C 12, but 
will alſo meaſure on the ſcale of equal parts 754. the 
ſame as was meaſured in the field in proceeding f rom 
O 12 to O1. 

By ſuch methods as theſe, the ſurveyor obtains a 
cheque on his work, and can make his u cloſe (as 
tis called) as he proceeds Y 

Tux drawing of the viſual lines of a ſurvey is, tho? 
an eſſential part, but a ſmall ſtep towards the makin 
a plan; for the remaining work the reader is refer 
- to the creatiſes already extant on that ſubject. 

Wu has been ald about the delineating of the 

viſual lines of a ſurvey, may be applied to navigation 
in the conſtruction of a figure to repreſent the various 
courſes and diſtances. a ſhip has failed in a given time, 
called traverſe ſailing ; for the courſes are the bearings 
from the Meridian, and the diſtances failed are of the 


fame kind as the diſtance n nde and den 
in n 9! 


by 


NR 
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XV. 


y operations can be performed 
notation, or the eſtimatin 
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Some Uſes of the Logarithmic Scale of Numbers. 


EFORE an 
this ſcale, the 


B 


values of the ſeveral diviſions, muſt be well known, 
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And the. ak and intermediate diviſions in each 


interval, muſt be eſtimated according to the values 
ſet on their extremities, Viz, at the beginning, mid- | 


dle and dend of the ſcale. Ken 


Ix arithmetical 3 or diviſion ; 3 the 
parts may be conſidered as proportional terms; forin 
Ample multiplication' ; as unity or 1, is to one factot; 

ſo is the other factor, to the product: And in divi- 
ſion; as the diviſor, is to unity; (or to the dividend,) 
ſo is the dividend, (or unity,) to the quotient. 
Now as the common logarithms of numbers, ex- 
reſs how far the ratios of their _ correſponding num- 
= are diſtant from unity; it follows, that of thoſe 
numbers which are proportional, that is, have equal 
ratios ; their correſ; ponding logarithms will have equal 
intervals, or diſtances: and hence ariſes the rule for 
working proportionals on the logarithmic ſcale. 

RuLE. Set one foot of the compaſſes on the point 
or diviſion repreſenting the firſt term, and extend the 
other foot to the point repreſenting the ſecond term: 
Keep the compaſſes thus opened; ſet one foot on the 
point expreſſing the third term, and the other foot 
will fall on the fourth term, or number r fought. | 


Exam. I. What is the product of 3 by 4 ? 


SoLUT1ON. Set one foot on the 1 atthe beginning, 
and extend the other to 3, in the firſt interval; with 
this opening, ſet one foot on 4, in the firſt interval, 
and the other foot will reach. to 125 found in the ſe- 
cond interval. 

Obſerve. In this Exau. the 1, 3, and 4, are va- 
lued as units in the firſt interval; and the one in the 
middie is 40; the diſtance betmieen this 1 or 10, and 
the 2 or 20, in the ſecond; interval, is divided into 10 
principal parts, expreſs'd by the longer ſtrokes; every 
one in this Exam. is taken as an unit; now as the 
point of the compaſſes falls on the ſecond of theſe 

Principal 


oa 
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principal parts, that is on 2 units beyond 10; there- 
fore this Point is to be eſteemed in this Exam. as 12. 


"Exan. Il. What is the produft of 40 3 


SoLUTION, In the firſt interval, take the diſtance 
between 1 and 3; and this diſtance will reach from 
(4 or) 40 in the firſt interval to (12 or) 120 in the 
ſecond interval. 

Obſerve. The 1 and 3 in the firſt interval, ate taken 
as units: but as the values given to the diviſions in 
either interval, may as well be call'd 40, as 4; an 
being taken as 40, the t at the beginning of the 
ſecond interval will be jco; and the 2 in the ſecond 
interval will be 200 : confequently the principal di- 
viſions between this 1 and 2 will each expreſs 10; and 
ſo the ſecond of them will be 20, which with the 109, 


express Sd by the 1, makes 120. 


Exau. III. bat is the produł * 35 5 2 242 2 


" SoLvTION. The diſtance from 1 in the firſt inters 
Ml to 24 in the ſecond, will reach from 35 ia the 
firſt interval, to 840 in the ſecond. 

Ob/erve. In the firſt application of the com 
the primary diviſions in the firſt interval are taken = 
units, and thoſe in the ſecond interval, as tens: But in 
the ſecond application; 'the primary ' diviſions in the 
firſt interval are-reckon'd as tens; and thoſe in the 
ſecond, as hundreds. | 

As the extent out of one interval into the other, 
may ſometimes be inconvenient, it will be proper to 
ſee in ſuch caſes, how the example may be ſolved in 


one interval. Thus, 


In either interval, take the extent from 1 to 2 
(i. e. 24) and this extent, (in either interval) will 


reach f rom 38 (i. e. 35) to 8.2 z (1, e. 840.) 
| 10,0 


— oo 
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In this operation; the ſecond term is reckoned a 
tenth higher than the firſt term ; therefore, as it falls 


in the ſame interval, the — 4 term muſt be a tenth 
higher than the third term. 


EXAM. Iv. What is the produit of 375 by 60? 
SoLvT1oNn. The extent from 1 to 6, (or 60) in the 


firſt interval will reach from 4 (res or 375) in 


the firſt interval, to 222. in the ſecond interval; 
which diviſion muſt be 4 22500 : For had the 
point fell in the firſt interval, it would have been one 
place more than the 375, becauſe 60 is one place 
more than 1; but as it falls in the ſecond interval, 
every of whoſe diviſions is one place higher than thoſe 
in the firſt interval, theretore, it muſt have two 
places more an 375, which is taken in the firſt in- 
terval. 

Ir the operations in theſe le be well con- 
ſidered, it will not be difficult to apply others to the 
ſcale, and readily to aſſign the value of the reſult. 


Exam. V. What will be the quotient of 36 divided by 4? 


SOLUTION. The extent from 4 to 1, in the firſt in- 
terval, will reach from 36 in *. ſecond interval to 
nine in the firſt. 
I is to be obſerved, chat . the "THE term is 
r than the firſt term; the extents are reckoned 
rom the left hand towards the right: and when the 
ſecond term is leſs than the firſt, the extents are taken 
from the right hand towards the left : that is, the ex- 


tents are always counted the ſame way towards which 
the terms — 
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mild. VI. If 144 be divided 59 ; what will be the 
quotient ? f 
Sol vr ion. The extent from 9 to 1, will reach from 
144 to 350 144 ho 16. 


Exam. VII. F728 be divided by 12 , ** will be 
the quotient ? | 


Solurioy. The extent from 12 to , vil reach 
from 1728 to 144. 


Exat. VIII. To the numbers 3, 8 „153 . fourth 
proportional, 


SOLUTION, The extent from 3 to 8; will reach from 
15 to 40. 


Exam. IX. To the numbers 5, 12, 38 ; find a 4th pro- 
portional. 


SOLUTION. The extent from 5 to 12, will reach 
from 38 to 91 +. 


EXAM. X. To the numbers 18, 4, 3643 ud a 4th 
| proportional. 


| SOLUTION. The extent from 18 0 45 . reach 
from 364 to 80 5. 


Exam. XI. To two Numbers 1 and 2, ws fag a ſeries of 
continued proportional. 
Sor vriox. The extent from Ito 2, will reach from 


4 . 1 — 


1 . N to 6; from 6 to 123 from 12 6 243 
1 17 24 48 ; e. And the ſame extent will reach 
from 2 f to g; from 5 to 105 from io to 20; from 
20 to 40; Cc. And in a like manner proceed, if any 
other ratio was given beſides that of 1 to 2. 


G 2 Tris 
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Tunis Exampl: 3 is of uſe, to find if the diviſions of 
the line of numbers, are. accurately laid down on the 
THERE are many other uſes to which this ſcale of 
log. numbers” are applicable, and on which ſeveral 
large treatiſes have been wrote; but the defign here, 
is not to enter into all the uſes of the ſcales on. the 
ſector, only to give a few examples thereof: but after 
all that has been ſaid, when examples are to be wrought 
whoſe reſult exceeds three 2 * tis beſt to do it by 
the pen, for on inſtruments, altho' they be very large 


ones, the lowelt Foy of * n at beſt, are but 
. at. 


A r S .I. 
Some uſes of the Scales of Log. Sines ond Le. 


angents. : s — 2 


HESE ſcales are chiefly "fed i in \ the ſolution 
of the caſes of plain 8 ſpherical trigonome- 
ary, which will be fully ekemplißedd hereafter: But in 
this place, it will be proper to ſhew, how — 
N terms are applied to the ſcales. _ 

Ix plane trigonometrical proportions, there are al- 
Ham four terms under conſideration ; ſuppoſe two 
ſides and two angles, whereof, only three of the terms 
are 82 en, and the fourth is fequired: Now the ſides 

trigonometry, are always applied to the ſcale 

— os numbers; and the angles are either applied 
: to the log. lines, or to the log. tangents ; vceoedingis 
the ſines or tangents are concerned in the proportion. 

Therefore, when among the three things given, if 

two of them be ſides, and the other an angle; or if 
two terms be angles, and the other a ſide. 


RurE: 


12 
21 * 
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Rur. On the ſcale of log, numbers, take the ex- 
tent between the diviſions expreſſing the ſides; and 
this extent applied from the diviſion expreſſing the an- 
gle given, will reach to the diviſion ſhewing the angle 
required. | 

Ox, the extent of the angles taken, will reach from 
the ſide given to the ſide required, on the line of 
numbers. | 5 

So in ſpherical trigonometry, where ſome of the 
caſes are worked wholly on the ſines, others partly on 
ſines, and partly on tangents; the extent taken with 
the compaſſes, between the firſt and ſecond terms, 
when thoſe terms are of the ſame kind, will reach 
from the third term to the fourtn. 

Ox, the extent from the firſt term to the third, 
when they are of the ſame kind, will reach from the 
ſecond term to the fourth. I. | 


COLTS TOTO LOLOLOFOLOLOLOISIS TOI TOLOTOTOTOLOLOTOTSM 
Sx C T. XVII. 


Some uſes of the double Scales of Sines, Tangents, and 
Secants. | 


PROBLEM XX. ##9 


Given the radius of a circle ( ſuppoſe equal to 2 inches) 
required the fine, and tangent of 28* 30 to that radius. 

SOLUTION. Open the ſector ſo that the tranſverſe 
diſtance of 90 and go, on the fines; or of 45 and 45 
on the tangents ; may be equal to the given radius; 
viz. two inches: Then will the use diſtance of 
28 300, taken from the ſines, be the length of that 
ine to the given radius; or if taken from the tangents, 
will be the length of that tangent to the given radius. 


= _ Bu 
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© But if the ſecant of 28* 30' was required? 

Mak the given radius two inches, a tranſverſe 
diſtance to o and o, at the beginning, of the line 
of ſecants; and then take the tranſverſe diſtance of 

the degrees wanted, viz. 28300. 

A Tangent greater than 45 degrees ( ſuppeſe 60 de- 
 grees) is found thus. a 
Maxx the given radius, ſuppoſe 2 inches, a tranſverſe 
diſtance to 45 and 45 at the beginning of the ſcale of 
upper tangents; and then the required degrees 60 00' 
may be — from this ſcale. 

The ſcales of upper tangents and ſecants do not run 
quite to 76 degrees; and as the tangent and ſecant 
may be ſometimes wanted to a greater number of de- 
grees than can be introduced on the ſector, they may 
be readily found by the help of the annexed table of 
the natural tangents and ſecants of the degrees above 
753 the radius of the circle being unity. 
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Meaſure the radius of the circle uſed, upon any ſcale 
of equal parts. Multiply the tabular number by the 
parts in the radius, and the product will give the length 
of the tangent or ſecant ſought, to be taken from the 
ſame ſcale of equal parts. 

Exam. Required the length of the tangent and ſecant 
of 80 degrees to a circle whoſe radius, meaſured on a ſcale 
of 25 parts to an inch, is 47% of thoſe parts ? 


tangent. ſecant. 
Againſt 80 degrees ſtands 5,071 3.759 
The radius is 475,5 4755 
28355 28795 
39697 40313 
22684 23030 
269,3725 27335525 


So the length of the tangent on the twenty-fifth 
ſcale will be 269+ nearly. And that of the ſecant 
about 273. 

Ox thus. The tangent of any number of degrees 
may be taken from the ſector at once; if the radius 
of the circle can be made a tranſverſe diſtance to the 
complement of thoſe degrees on the lower tangent. 

Exam. To find the tangent of 78 degrees to à radius 
of 2 inches. 

MaxE two inches a tranſverſe diſtance to 12 degrees 
on the lower tangents z then the tranſverſe diſtance of 
45 degrees will be the tangent of 78 degrees. | 

In like manner the ſecant of any number of de 
may be taken from the fines, if the radius of the cir- 
cle can be made a tranſverſe diſtance to the coſine of 
thoſe degrees. Thus making two inches a tranſ- 
verſe diſtance to the ſine of 12 degrees; then the tranſ- 
verſe diſtance of go and go will be the ſecant of 78 
degrees. 

From hence it will be eaſy to find the degrees 
anſwering to a given line, expreſſing the length of a 

3 4 tangen 


88 The Deſcription and Uſe 


tangent or ſecant, which is too long to be meaſured 
on thoſe ſcales, when the ſector is ſet to the given 
radius. 

Tavs. For a tangent, make the given line a tranf- 
verſe diſtance to 45 and 45 on the lower tangents; 
then take the given radius and apply it to the lower 
tangents; and the degrees where it becomes a tranſ- 
verſe diſtance is the cotangent of the degrees anſwer- 


ing to the given line. 


And for a ſecant. Make the given line a tranſ- 
verſe diftance to go and go on the ſines. Then the 
degrees anſwering to the given radius applied as a 


tranſverſe diſtance on the lines, will be the co-ſine 


of the degrees anſwering to the given ſecant line. 


PROBLEM XXI. 


Given the lengib of the fins, tangent, or ſecant, of 
gy degrees , to find the length of the radius to that ſine, 
langen“, or jecant. | 

Make the given length, a tranfverſe diſtance to its 
given degrees on its reſpective ſcale : Then, 
In the fines. The tranſverſe diſtance of go and go 
will-be the radius ſought. | | 

In the lower tangents, The tranſverſe diſtance of 
45 and 45 near the end, of the ſector will be the radius 
ſought. | 

In the upper tangents. The tranſverſe diſtance of 45 
and 45 taken towards the centre of the ſector on the 
line oi upper tangents, will be the centre ſought. 

In the ſecants. The tranſverſe diſtance of o and o 


or the beginning of the ſecants, near the centre of the 
tector, will be the radius ſought, s . 


PR OB. 
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PROBLEM XXII 


Given the radius and any line repreſenting a fine, tan- 
gent or ſecant; to find the degrees correſponding to that 
line. 4 

SolLuriox. Set the ſector to the given radius, ac- 
cording as a ſine, or tangent, or ſecant is concerned. 

Take the given line between the compaſſes; apply 
the two feet tranſverſly to the ſcale concerned, and 
ſlide the feet along till they both reſt on like divi- 
ſions on both legs; then will thoſe diviſions ſhew 


the degrees and parts correſponding to the given 
line. | 


PROBLEM XXIII. 


To find the length of a verſed fine to a given number 
of degrees, and a given radius. | 


Maxx the tranſverſe diſtance of go and go on the 
fines, equal to the given radius. 


Take the tranſverſe diſtance of the fine comple- 
ment of the given degrees. 


Ir the given degrees are leſs than go, the difference 
between the ſine complement and the radius, gives 
the verſed fine. 

Ir the given degrees are more than go, the ſum of 


the ſine complement and the radius, gives the verſed 
ſine. 


PROBLEM XXIV. 


To open the legs of the e Hor, ſo that the correſponding 
double ſcales of lines, chords, ines, tangents, may make, 
each, a right angle. 


On the lines, make the lateral diſtance 10, adiſtance 
between 8 on one leg, and 6 on the other leg. 
On the fines. make the lateral diſtance go, a tranſ- 
verſe diſtance from 45 to 45 ; or from 40 to 303 or 


from 
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from 30 to 60; or from the ſine of any degrees, to 


their complement. "Ii 
Or on the fines, make the lateral diſtance of 45 a 
tranſverſe diſtance between 30 and 30. 


PROBLEM XXV. 


To deſcribe an Ellipſis, having given a equal to the 
longeſt diameter; and cp equal to the ſhorteſt diameter. 


SOLUTION, iſt. 

Set the two diame- 

ters AB, CD, at right 

angles to each other 

B in their middles at 
E. 


2d. MAKE AE a 
tranſverſe diameter 
to 90 and go on the 
fines ; and take the tranſverſe diſtances of 107, 20*, 
30, 40®, 5o®, Co, 50, 80®, ſucceſſively, and apply 
thoſe diſtances to AE from k towards A, as at the 
points 1, 2, 3, 4, 5, 6, 7, 8; and thro' thoſe points 
draw lines parallel to Ec. 

3d. Make xc a tranſverſe diſtance to go and go 
on the fines ; take the tranſverſe diſtances of 80%, 709, 
60˙5⁴ 50, 40?, 30®, 20®, 10?, ſucceſſively, and apply 
thoſe diſtances tothe parallel lines from 1 to 1, 2 to 2, 
3 to 3, 4 to 4, 5 to 3, 6 to 6, 7 to ), 8 tos, and 
ſo many points will be obtained thro* which the curve 
of the ellipſis is to paſs, N 

The ſame work being done in all the four quadrants, 
the elliptical curve may be compleated. | 

This Problem is of conſiderable uſe in the con- 
ſtruction of ſolar Eclipſes ; but inſtead of uſing the 
fines to every ten degrees, the ſines belonging to the 
degrees and minutes correſponding to the hours, and 
quarter hours are to be uſed. 


To 
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PROBLEM XVI. 


To deſcribe a Parabola whoſe parameter ſhall be equal to 
@ given. line. | | 


SOLUTION iſt. B 
Draw a line tore þ 
preſent the axis, 60 
in which make 40 
AB equal to half 80 
the given para- 20 
meter; divide AB 1oÞ.. 
like a line of fines | 
to every ten de- A — — 


72 
grees, as at the points 10, 20, 30, 40, 50, Cc. and 
throꝰ theſe points draw lines at right angles to the 
axis AB. 

2d. Mak the lines aa, 10h, 20c, 3od, 406, Cc. 
reſpectively equal to the chords of go' 80 70*, 6005 
507, Sc. to the radius AB, and the points a, G, c, d, e, 
Sc. will be in the curve of a parabola. 

Therefore a ſmooth curve line drawn thro' thoſe 
points and the vertex B, will repreſent the parabolic 
curve required. 

The like work may be done on both ſides of the 
axis when the whole curve is wanted. 

As the chords on the ſector run no farther than 60, 
thoſe of 70, 80 and go may be found by taking the 
tranſverſe diſtance of the ſines of 35%, 40*, 45* to the 
radius AB, and applying thoſe diſtances twice along 
the lines 20c, 106, &c. x 


PRO» 


* 
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PROBLEM XXVII. 


To deſcribe an Hyperbola, the vertex a and aſſymptates 


BH, BI, being given. 


B SoLuT1oN iſt. The aſ- 
ſymptotes BH, BI, being drawn 
Jin any poſition, the line Ba, 
biſecting the angle 18, and 
„ic the vertex A taken, draw Af, 
— e «c, parallel to BH, BI. 
nd E 20d, Make ac a tranſverſe 
A: diftance to 45 and 45 on the 
F upper tangents, and apply 
AG to the aſſymptotes from B, 
9 ſo many of the upper tan- 
gents taken tranſverſly as may 
4 JH be thought convenient, as 


Q — — 


vp go, 82 5 5, By 64%, BG 659, BH 70*, Sc. and draw 


, Be, Sc. parallel to Ac. | 

3d. Make ac a tranſverſe diſtance to 45 and 45 on 
the lower tangents, take the tranſverſe diſtance of the 
co-tangents before uſed, and lay them on thoſe pa- 
rallel lines; thus make pd=40*®, tge=35*, Ff=30®, 
G2=25% Hb 20˙, Sc. and thro' the points 4a, d, e, f, 
2, b, Sc. If a curve line be drawn it will be the hy- 
perbola require. | 
There are many other methods of conſtructing the 
eurves in the three laſt problems, and a multitude of 
entertaining and uſeful properties which ſubſiſt amon 


the lines drawn within and about theſe curves, whic 


the inquilitive reader will find in the treatiſes on conic 


ſections. 


P R O. 
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PROBLEM XXVIII. 


To find the diſtance of places on the terreſtrial lobe by 
having given their latitudes and longitudes. 


This problem conſiſts of ſix caſes. 
Cask I. If both the places are under the equator. 
Then the difference of longitude is their diſtance. 
| Cas II. When both places are under the ſame 
meridian. ney 
Then the difference of tatitude' is their diſtance. 
Casz III. When only one of the places has latitude, 
UN both have different Ao | 


| Exam. land of Bermudas, lat. 32 25 N. RY 
680 38“ W. "land 77 Sl ne lat 0 0 * 
17 O E. 
Required chaie diffince. 18 

Sol urion 1ſt.” With the 
chord of 60* deſcribe a circle 
repreſenting the equator, where- 
in take a point c to repreſent 
the beginning of longitude. 
2d. From o apply the chord 
of Bermudas longitude 68 38 
to B, and that of St. Thomas's 
longitude to a, the arc àB3, D 
being the difference of longitude. 

3d. From s, the place having latitude, draw the 
diameter BD, apply the chord of the latitude 32* 25, 
from Btox, and draw Er at right angles to BD. 

4th. Draw re, make ro, equal to Fc, and draw 
EO; then xo meaſured on the chords will give the 
diſtance ſought, about 73 degrees. 
Case IV. When the given places are in the ſame 
1 of AT 


3 _ 
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| Exam. Required the diſtance between the Lizard and 

1 Pengwin and, both in latitude 496, 56 N. the longi- 

| tude Sf the Lizard being 5* 14 W. and that of Pengwin 
| Wand 50* ;2' W. 
| 


Sou rio 1ſt. From c, the 
commencement of the longi- 
tude, apply the chord of the 
Lizard's longitude to a, and of 
Penguin's longitude to 3, and 
c draw the diameters aa, Bb. 

Apply the chord of the 
common. latitude 49* 56' from 
A to D, and from Bto E; draw 
pF and EG at right angles to 
Aa, Bb, * join or; then or meaſured on the chords 
will give the Aſtance ſought, about 29 degrees. 

Cask V. When the given places are on the ſame 
ſide of the equator, but differ both in latitude and 
longitude. 


Exam. What is the di ftance between London in lati- 


tude 51* 32 N. longitude, o and Bengal in latitude 
22 & N. ” 92⁵ 48 E. 


Sol uriox. From a, Lon - 
don's longitude, apply Bengal's 
longitude 92* 45 to co, ta- 
ken from the chords; alſo 
apply the chord of London's 
latitude from a to B, and of 
Bengal's latitude from c to v. 

2d. Draw the diameters Aa, 
Cc, and BE, r, at right * 

a to aa, Cc, and join FE. 

3d. Make BG equal to pr, and EH equal to EF, 
join on; Thus GH meaſured on the chords will give 
the diſtance required, which is avout 72 degrees. 


Casz 
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Cas VI. When the places are on contrary ſides of 
the equator, and differ both in latitude and longi- 
tude. 3 3 
Exam, What is the diſtance between London in la. 
titude 51* 32' N. longitude o © and Cape-Horn in la- 
titude 55" 42 S. longitude 66* OOO W. 


SoLUTION 1ſt. From a, Lon- 
don's longitude, apply the chord 
of Cape-Horn's longitude to c, 
draw the diameters aa, cc; alſo 4 
apply the chords of London's la- fn 
titude from A to B, and of 
Horn's latitude from c to v. 

2d. Draw Bt and DF at right 
angles to Aa, cc; join EF and 
make EG equal to EF. 

3d. At right angles to ag, draw on, and make it 
equal to or; join BH, which meaſured on the chords 
* give the diſtance required, which is about 123 

egrees. | | | 

To meaſure Ba on the chords; apply zn from. to 1, 
and meaſure the arc Bc 1, CES 


66045-63410 G0 M 345950 6-06-13 


SECT. XVII. 


The Uſe of ſome of the fingle and double Scales, ap- 
510 in the Solution of the Caſes of plain Trigo- 


nometry. 


PROBLEM XXIX. 
N any right lin'd plane triangle, any three of the fix 
terms, VIZ. fides and angles, (provided one of them 
be a ſide) being given, to find the other three. 1 
is 


| 
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This oroblem conſiſts of three caſe 

Cask I. when among the things given, tas be a 
fide and its oppoſite angle. 

Cask 5 4 there is given two os and the in- 
duded an 

CAsx I 4 When the three ſides are given... IF 


* 


9 


_ SoLUTION of CAS E. 7 


| The Solution of the examples filing \ under this 
eaſe depend on the proportionality there is between 
the ſides of plane re, and the Hoes of their 


* angles | 


| / Exanii.s ; 

angle ABC: Given AB= l 
* the o 2 1 0. leu parts. ; 
1 722 f . 
ee, a. - | Required ict A, N BC. 
The Milirrians are as follow, Fe. 
As fide ac : fide AB:: fine C B: ſine 4c. 
Then the ſum of the angles B and c being taken from 


180%, will leave the angle 4. 
And as fine £8 : ſine CA: : fide AC : ſide cs. 


= * 


' _— : 917 
5 2 * [4 


Firſt by the lern, n 
To ful the angle o. 


| The Extent from 64 . to 56 (SA) on the 
ſcales of logarithm numbers, will reach from 46* go' 
n) to 395 245 rer ) on the ſcale of logarithm 
ſines. 
And the ſum of 46" 30 . 3924 is 85* 4 
Then 85* 54 taken from 180?, leaves 94 6 for 


. 
To 
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To find the fide Bc. 


The extent from 46* 30” (R) to 85% 54 the 
| ſupplement of 94*6' (A) on the ſcale of log. fines, 
will reach from 64 (=ac), to 88 (=Bc), on che 
ſcale of logarithm numbers. 


' Secondly by the double Scales. 
To find the Angle c. 


1. Take the lateral diſtance of 64 (=ac) from 
the lines. | | 
2. Make this a tranſverſe diſtance of 46° æ30 (SB) 
on the fines.” * | 

3. Take the lateral diſtance of 56 (ABR) on the 
lines. | 

4. Find the degrees to which this extent is a tranſ- 
verſe diſtance on the fines, viz.. 39 24'; and this is 
the angle ſought. 


To find the fide Bc. 


1. Take the lateral diſtance of 64 (Ac) from the 
lines. 

2. Make this a. tranſverſe diſtance of 46* wü 
(Sn) on the ſines. | 

3- Take the tranſverſe diſtance of 85* 54' (the ſup- 
plement of 94* 6' C a) on the ſines. | 

4. Find the latera] diſtance this extent is equal to, 
on the lines; and this diſtance, viz. 88, will be the 
ſide required. 


Ex, II. In the triangle azc Pl. VI. Fig. 27. 
Given BC = 74 ; 
: £B.= 104* O 
Le 28 © „ 
Required am & ac. 
Now the ſum of 104* O and 28* of is 132 * ©, 
And 132* O taken from 180, leaves 48*® o' for 
the angle 4. | | 
H The 
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The proportions are, 
As ſine CA: fine 4c :: ſide pc: fide as. 
And as line CA: ine LB: : fide gc: fide AC. 


Firſt, by the Legarithm Scales. 
To find AB. 


Tux extent from 48* (= £4) to 28* Cc) 
on the ſcale of logarithm fines, will reach from 74 
(=Bc) to 46, 75, (=aB,) on the ſcale of logarithm 


numbers. 
To find | AC. 


Ton extent from 487 O. to 17 o' (= ſupplement 
of 104* O) on the ſcale of log. fines, will reach from 
74 to 96, o (=ac)on the ſcale of logarithm numbers, 


Seconaly by the double Scales. 
To find AB. 


1. TAKE the lateral diſtance 74 (= Bo) on the 
lines. 


2. Maxkx this extent a tranſverſe diſtance to 48* O 
(= CA) on the fines, 

3. Take the tranſverſe diſtance of 28* O (c) 
on the fines. 

4. To this extent Rad the lateral diſtance on the 
lines, viz. 46,75 and this will be the length of AB. 


To fond AC. 
1. Takz the lateral diſtance 74 (c) on the 


lines. 
22. Maxe this extent a tranſverſe diſtance to 48* of 
| on LA) on the lines. 


Zo 
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3. Take the tranſverſe diſtance to 76° O the ſup- 
plement of 104* o' (= 4s) on the ſines. 


4. To this extent, find the lateral diſtance on the | 


lines, viz. 96, 6, and this will be the length of ac. 
 SoLuTION of C ASE II. 


Taz ſolution of this caſe depends on a well known 
theorem, viz. 

As the ſum of the given ſides 

Is to the difference of thoſe ſides, 

So is the tangent of the half ſum of the unknown 
angles | 
7 To the tangent of the half difference of thoſe an- 

es. 

And the angles are readily found by their half ſum 
and half difference being known. 


Ex. III. In the triangle ac, Pl. VI. Fig. 28. 
Given BC = 74 
BA = 32 
LB = 68* o 
Required CA; Ze; & ac. 


Preparation. 


Tax the given, angle 68 o' from 180%, and half 
the remainder, viz. 56* o is the half ſum of the un- 
known angles which call z; and let x ſtand for th 
halt difference of thoſe angles. | 

Also find the given ſum of the ſides, viz. BA 
212 6. | 

Ap take the difference of thoſe ſides, viz. 30 
BAZ22, | 
Then the proportions are 

As BC+BA : BC—Ba : : tan. Z: tan. x. 

Tae the ſum of 2 and x gives the greater angle 4. 


H 2 Tae 


„/ ee 
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Tu: difference of 2 and x gives the leſſer angle c, 
AND as fine Ce: fine £B : : fine Ba : fide ac. 


Firſt by the Logarithm Scales. 
To fird the tangent of N, 


Take the extent from 126 ( ſum of the given 
ſides) to 22 ( diff. of thoſe ſides) on the ſcale of 
logarithm numbers; lay this extent from 4.5* O to 
the left on the logarithm tangents ; ſtay the loweſt 
point, and bring that which reſted on 45 degrees, to 
56* O0; remove the compaſs, and this extent laid from 
45 O towards the left, gives 14. 31' equal x. 

Tu the ſum of 56* of and 14 31“ or 70* 317 
is the angle 4. 

AND 14* 31“ taken from 56? of leaves 41* 29“ for 
he angle c. 


To find ac. 


Tux extent from 41* 29 ( c) to 68*& (= L B) 
on the logarithm ſines, will reach from 52 ( Ba) to 
72, 75 (S Ac) on the ſcale of logarithm numbers. 

In finding the tangent of (v, or) the half diffe- 
rence of the unknown angles, there were two appli- 
cations of the compaſſes to the ſcale of tangents: 
Now this happens becauſe the upper tangents which 
ſhould have been continued beyond 45*, or to the 
right hand, are laid down backwards, or to the left 
hand, among the lower tangents (the logarithmic 
tangents aſcending and deſcending by like ſpaces at 
equal diſtances on both ſides of 45, and thereby 
the length of the ſcale is kept within half the length 
neceſſary to lay down all the tangents in order, from 
the left towards the right. But ſuppoſing they were 
ſo, laid down, then the point of 56* will reach as 
far to the right of 45* as it does now to the leſt, _ 

g 


1 1 f 
2 3 „ *. 
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the extent on the numbers from 126 to 22 would reach 
from the point 567 taken on the right of 4.5?, to 14 315 
at one application; the ſaid extent being applied 
from 45% downwards, will reach as far beyond 14317 
as is the diſtance from 45 to 56? ; therefore the legs 
of the compaſſes being brought as much cloſer as is 
that interval, will reach from 45* to the degrees 
wanted. | | 
Ixogkp when the half ſum is leſs than 45*, then 
the extent from the ſum of the ſides to their difference, 
will reach from the tangent of the half ſum, down- 
ward, to the tangent of the half difference, at once. 
Anp when the half ſum of the unknown angles, 
and their half difference, are both greater than 459, 
then the extent from the ſum of the ſides to their dif- 
ference, will reach from the tangent of the half ſum 
of the angles, upwards (or to the right) to the tan- 
gent of the half difference-of thoſe angles, at once. 


Secondly by the double Scales. 


Becauſe 126 the ſum of the ſides will be longer 
than the ſcales of lines, therefore take 63, the half of 
126, and 11, the half of 22, the difference of the 
ſides ; for the ratio of 63 to 11, is the ſame as that of 
i 

1. TakE the lateral diſtance 63 on the ſcales of 
lines. 

2. Mak this extent a tranſverſe diſtance to 56 
degrees, on the upper tangents. 

3. TAR E the tranſverſe diſtance of 4.5* on the 
upper tangents, and make this extent a tranſverſe di- 
ſtance to 4.5* on the other tangents. 

4. Take the lateral diſtance 11, on the lines: 

5. To this extent, find the tranſverſe diſtance on 
the tangents, and this will be 145 31 . 

AND this is the manner of operation, when M is 


greater than 45 degrees, and x is leſs. 
II 3 Bur 


| 
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| But when u greater 7 than 4.5 
& x are each! leſs Weges 
Then the third article of the foregoing operation is 
omitted. | 

Now having found the ang'es à and e, the ſide 
Ac may be found as in the firſt or ſecond examples. 

Bur in this caſe, the third ſide ac may be found 
without knowing the angles. Thus, Wan 

1. TakE the lateral diſtance of (34 deg.) the half 
of (68,) the given angle, from the fines. | 

2. Maxs this extent a tranſverſe diſtance, to 30 
on the fines. 

3. Wirtn the ſector thus opened, take the diſtance 
from 74 on one eg, to 52 on the other leg, each 
reckon'd on the lines. 

4. The lateral diſtance, on the lines, of this extent, 
gives the fide ac = 72, 

From the two firſt articles of this operation, is 
learn'd how to ſet the double ſcales to any given 
angle. 

Wax the included angle B is 90 degrees, the 
angles a and c are more readily found, as 1n the fol- 
lowing example, whoſe ſolution depends on this prin- 
ciple. That one of the given ſides has the ſame pro- 


portion to radius, as the other given ſide has to the 
tangent of its oppoſite angle. 


f 


" 
! | 
4 
iy} 

| 

! 


; 
1 
| 


Ex, IV. In the triangle azc: Fig. 29. 
Given 4B = 45 
1 
2B = 90 
Required re. 


— — by = - o - 
— — —U— 7 
— — cada 
—— —ͤ— — 


The proportions are, 
For the Angle a. 


As ſide AB: ſide Bc; : radius: fan. LA. 


AND 


of Mathematical Inſtruments. 103 


Av the ZA taken from go? leaves the Ce, then ac 
may be found as directed in the laſt example. 


Firſt by the logarithmic Scales. 


Tur extent from 45 (= as) to 65 (nc) on the 
numbers, will reach from 45 degrees to 45* 18 
(= £4) on the tangents. 

Here the angle a is taken equal to 35 18', be- 
cauſe the ſecond term Bc is greater than the firſt term 
AB : But if the terms were changed, and it was made 
BC to AB, then the degrees found wouid be 34" 42 
= £C. 

Second'y by the double Scales. 


1. Take the lateral. diſtance of the firſt term, 
from the lines. 

2, Makk this a tranſverſe Ciſtance to 45 deg. on 
the tangents. 

3. Take the lateral diſtance of the ſecond term, 
from the lines, 

4. ThE tranſverſe diſtance of this extent, found 
on the tangents, gives the degrees in the angle ſought. 

Ir the firſt term is greater than the ſecond, then the 
lateral diſtance of the firſt term, mult be ſet to 45 de- 
grees on the lower tangents, and the lateral diſtance 
of the ſecond term, muſt be reckon'd on the ſame 
tangents. 

Bur if the firſt term is leſs than the ſecond, then 
the lateral extent of the firſt term muſt be ſet to 45* on 
the upper tangents, and the lateralextent of the ſecond 
term muſt be reckon'd on the ſame tangents. 


SoLuTIon of CASE III. Fig. 30. 


In the triangle ABC: 
Given BC = 926. 
BA = 558. 
AC = 702. 
Requir'd £B, Cc. A. 


H 4 THERE 
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THERE are uſually given for the ſolution of this 
caſe by the logarithmic ſcales two methods; the one 
beſt when all the angles are to be found, the other 


beſt when one angle only is wanted ; both methods 
will be here delivered. 


FiezsT, When all the angles are wanted. 


SupposE a perpendicular ap (Pl. VI. Fig. 3o.) 
drawn to the greateſt fide ze, from the angle a op- 
polite thereto ; then ad divides the triangle A Be into 
two right angled triangles BDA, cpa; in which if 
op and DB were known, the angles would be found, 


as in the ſolution of Caſe I. 


Tak the ſum of the ſides ac and AB, Which is 


1260. i 


Also their difference, which is 144. 


Tux on the ſcale of numbers, the extent from 


926 ( Bc) to 1260, will reach from 144 to 196. 
AnD the half ſum of 926 and 296, is 561 = vc. 
AnD the half difference of 926 and196 is 365 = Ds. 


Tux extent from 558 (= Ba) to 365 (=Bp) on 
the numbers, will reach on the log. fines from oe 
= zA) to 40* 52 (= BAD.) 


TEN 40 62 taken from oe, leaves 49* 8' for £8. 


Ax the extent from 702 (=ca) to 561 (= cp) 


on the numbers, will reach from 90 (= Copa) to 
53* % (= 4 ca) on the ſcale of log. ſines. 


THEN 453* 4 taken from go?, leaves 36* 56" for 
the Ce. 


Also the ſum of 40 62“ and 53* 4 gives 93* 56' 
for the cap. | 


' SgconNDLY, 
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SECONDLY, To find either angle; ſuppoſe B. 
Preparation. 


Take the difference between Bc and Ba, the ſides 
including the angles ſought, and call it o = 368. 

Find the half ſum = $19 and o, call it 2 = 535 

Ap the half diff. of ac and p, call it x = 167 


| Z = . 
TEN 1 17 X : : radius: ſine 2 LB. 
ABXBC 


1. Taz extent on the log. numbers from 1 to 833 
(Z), will reach from 167 ( x) to a 4th point; 
mark it and call it G. 

2. Tu extent from 1 to 558 (= as), will reach 


from 926 (= Bc) to a 4th point; mark it and call 
it H. 


3. Tux extent from the point ; to the point o, 
will reach from 1, downward to a 4th point, mark it 
and call it k. 


4. Tux extent from k, to the middle point between 
it and the 1 next above k, taken on the log. numbers, 
will reach on the log. ſines from oe to 24 34, which 
doubled gives 49* 8 for the angle B. 

Bur the ſcale of log. verſed fines being uſed, the 
work will be conſiderably ſhortened. Thus, 


1. Ox the log. numbers take the extent from 535 
(D:) to 926 (= Bc), this will reach from 558 (SBA) 
to a 4th point, where let the foot of the compaſſes 
reſt. 


2. Taxx the extent from that 4th point to 167 
=X), will reach on the line of verſed fines from 
o degrees (at the end) to 130® 52', which taken from 
1809 leaves 49* 8 for the angle B. | 


By 
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By the double, or ſectoral, Scales. 
To find the angle B. 


1. Taxt the lateral diſtance 702 (= ac, the ſide 
- oppoſite to the angle B) from the lines. 


2. Oren the legs of the ſector until this extent will 


reach from 926 (= cs) on one ſcale of lines, to 558 
(= AB) on the other ſcale of lines. 


3. Tux ſector being thus opened, take the tranſ- 
verſe diſtance between 30 and 30e on the fines, this 
diſtance meaſured laterally on the fines, one foot 
being on the centre, will give 24* 34 for half the an- 
ole B. 


Tux other angles may be found as Cn was, or 


according to the directions in ſome of the preceding 
caſes. 


ArTHoven in theſe examples, oblique triangles 
were taken as being the moſt general; yet it may be 
readily ſeen, that thoſe concerning right-angled tri- 
angles are only particular caſes, and may be, for the 
general, more eaſily ſolved. | 


VakieTY of other examples, ſhewing the uſes of 
theſe ſcales, might be given in various parts of the 
mathematics, which the reader may of himſelf ſup- 
ply : However here will be ſubjoined a few in ſphe- 
rical Poetry, as they will include ſome operations 


not only curious, but perhaps not to be met with 
elſewhere. 


S ECT: 
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S E cr. XVIII. 


The Conſtruction of the ſeveral caſts of Spherical Tri- 
angles by the Scales on the Sector. | 


H E caſes of ſpherical triangles are ſix. 


Cask I. Given two ſides, and an angle oppoſite 
to one of them. 


Cask Il, Given two angles, and a fide oppoſite to 
one of them. | 


CasE III. Given two ſides, and the included 
angle. 


| CasE IV. Given two angles, and the included 
ide. 


Cask V. Given the three ſides. 

CasE VI. Given the three angles. 

Theſe ſix caſes include all the variety that can ariſe 
in ſpherical triangles. 

In the following ſolutions, are given three con- 
ſtructions to every caſe, whereby each ſide is laid on 
the plane of projection, or (as it is commonly called, 
the) primitive circle. 

To abbreviate the directions given in the following 
conſtructions, it is to be underſtood, that the primi- 
tive circle is always firſt deſcribed, and two diameters 
drawn at right angles. 

Tux ſector is alſo ſuppoſed to be ſet to the radius 
wanted, on the ſcale uſed ; and the tranverſe diſtance 
of the degrees propoſed is to be taken from the chords, 
or ſecants, or tangents, &c. according to the name 
mentioned 1n the conſtruction, 


So- 
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SOLUTION of CASE I. 


Exam. In the ſpherical triangle ABD. 
Given AB= 29* 50' 
DB= 63 59 
£D=25 55 
Required the triangle. 


vil To put DB on the primitive circle. Fig. 1. 1. Pl. 
I. 


iſt. Make ps = chord of 63* 59, and draw the 


diameter BE. 
2d. From p, with the ſecant of the C p, 25* 55), 


cut the diameter © 1inc: on c as a center, with 


that radius, deſcribe the circumference DA, and the 
angle oA will be-25* 55. 


3d. Make nd equal to AB, with the chord of 29% 
500. 

4th. With the tangent of AB, 297 307, from d, cut 
© B produced in 5; and from 5, with that radius, cut 
Da in A or 4. 

5th, Through B, a, x, deſcribe a circumference, 
and the triangle gp will be that required; whoſe 
parts DA, CB, and CA may be thus meaſured. 


To meaſure DA. 
6th. Make © y equal to the tangent of half the 


angle BDA, VIZ. 12 572 , then a ruler on v and a, 


gives e; and p e meaſured on the chords, gives the 
degrees in DA, viz. 42* 9f. 


To, meaſure LB. 


7th. Draw the diameter ro at right angles to Bx, 
cutting the circumference BAE in 5; A ruler by B 


& gives /; make fp N__ to the chord of 90 *. 
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a ruler on g and B, gives ↄ in the diameter r. Then 
E g on the chords gives the angle B = 36* &, 


To meaſure CA. 


8th. A ruler on 4 and p, gives”; and on a and 
p, gives m; and nm meaſured on the chords, gives 


52* 9, for the ſupplement of the angle pas, which is 
127* 51“. 


II. To put pa on the primitive circle, Fig. 2. 1. 


1ſt. With the ſecant of the angle p, 235, 55", from 
o, cut the diameter in c; and on c, with the ſame - 
radius, deſcribe the arc ps, and the angle 3D will 
be 25", 55- f 

2d. Make Op, equal to the tangent of half the 
angle o; viz. 12* 57 X. | 

zd. On the primitive circle, make p d equal to the 
given ſide DB, with the chord of 63* 59. 

4th. A ruler on B and d, gives B; then will BD 
63, 59 1 . 

5th. Draw © B 7, cutting the primitive circle in 7. 

6th. Maker x = the chord of 90˙; or twice the 
chord of 459. 


yth. A ruler on x and x, gives m on the primitive 
circle, - | 

8th.. Make m q = mp = chord of 29% zo”. 

gth. A right line through » & p, x & 4, gives f & 
e in Or. | 

10th. On fe as a diameter, deſcribe a circumference, 
cutting the primitive Circle in a, 4. 

Iith. Arulerona & ©, gives r. 

12th. Through 4a, B, r, deſcribe a circumference, 


and the triangle aBp is conſtructed with pa on the 
primitive circle as required. 
e 


III. To put A; on the primitive circle, Fig. 3. 1. 


1ſt. Make AB the chord of 29% 5o/ ; and draw 
the diameter BF. | 


2d. In 
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2d. In a 5 drawn perpendicular to ac, take a b 
= ſine of as 29˙ 507. | | 

3d. Make the angle bag, = 4 D 24" 55; 
from a draw a e at right angles to A g, and from 
d. the middle of a , draw de perpendicular to a &, 
cutting Ae, ine; from e, with the radius e a, deſcribe 
a circumference a / b. | 

4th. From b, with the ſine of Bp, 63* 59', cut the 
circumference afb in 7; and draw A. 

sth. From a, draw ac at right angles to f a, 
meeting E © (perpendicular to a O,) continued, in c 
and on c, with the radius ca, deſcribe a circumfe- 
rence ap. 

6th. Make Bm = Bo, with the chord of 63e 697; 
from m, with the tangent of 635 59” cut © B pro- 
duced, in 2; on u, with the ſame radius, cut apc 
in p. 

7th. Through 8, p, r, deſcribe a circumference, 
and the triangle ABD will be that which was re- 
quired. | 

Computation by the logarithmic ſcales. 


To find the angle a. 


The ſines of the angles of ſpheric triangles are as the 
ſines of their oppoſite ſides. 

Then the extent of the compaſſes on the line of 
fines from 29* 50% (= as) to 25 550 (= 4c); 
will reach from the ſine of 63* 59/ (= cB) to the fine 
of 52* of (= £ a). 

But by conſtruction the C a is obtuſe ; therefore 
12% 51” (the ſupplement of 52* 9) is to be taken 
for the angle a. 


To find the angle B. 


Say, as radius, to the coſine of cs. 
So tang. /_c, to the cotang of a fourth arc. 
And as tang. AB, to the tang. of oB. | 
So coline ot the 4th arc, to the coſine of a 5th arc. 
Then 
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Then the difference between the 4th and 5th arcs 
gives C B. 

The extent from the ſine of go to the ſine of 26 1/ 

= comp. of 63* 59”), will, on the tangents, reach 
from 25 55” to 12 2/ : But the 4th arc is to be a 
cotangent z therefore 77 58” (the comp. 122 2“) is 
the 4th arc. | 4 

The extent from the tangent of 29 50/ to the tan- 
gent of 63* 59/, will reach on the line of ſines from 
12 2“ (= comp, of 77* 58”) to48* of. 

But the 5th arc is to be a coſine ; therefore 41817 
(the comp. of 489“) is the fifth arc. 

And 41* 51 taken from 7 58” leaves 36* 7 for 
the angle B. 

The extent from the tangent of 29% 5o/ to the 
tangent 63* 597 is thus taken, Set one foot on the 
tangent 29 500, and extend the other to the tangent 
of 45*: Apply this extent on the tangents irom 635 
597 towards the left; reſt the left hand foot, and ex- 


tend the other to 4.5%, and the compaſſes will then have 
the required extent. 


To find ac, 


Say, as radius, to the coſine of the angle c. 


So is the tangent of cn, to the tangent of a 4th 
arc. 


And as coſine of cp, to the coſine of a3. 

So is the coſine of the 4th arc, to the coſine of the 
th. arc. 

Then the difference between the 4th and 5th arcs 
will give the fide ac. 

The extent on the fines from go*® to 64* 5" (the 
comp. of 25% 55”) will reach on the tangents from 
63® g towards the right to 61* 317 the 4th arc. 

Alſo the extent on the ſines from 261“ (= comp. 
of 63* 39“) to 60 10“ (= comp. of 29 50”) will 
reach from the fine of 28* 29/ (the complement of 61* 
31”) to the line of 703. | | 


But 


—— — — 
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But the 5th arc is to be a coſine, therefore 19% 23“ is 
the ;th arc. 
And 19® 237 taken from 61* 31“ leaves 42* 8/ for 
the ſide ac. 


So.uTion of C AS E I. 


Exam. In the ſpherical triangle ap. 
Given ad = 42* of 
2 A = 127 50% 
4 936 8 
Required the triangle. 


I. To put DB on the primitive circle. Fig. 1. 2. 
Pl. VII. 5 


iſt. Froms , with the ſecant of 4 B, 36˙ 87, cut 
the diameter O E inc; on c, with the ſame radius, 
deſcribe the circumference gar: then the angle DBF 
the given Z. B. 
2d. Make the angle ꝝ aq equal to 37 50, the dif- 
ference between 127 500 and go?. 3 

3d. Make aq =tangent of 04a, 4297“; on © with 
the ſecant of 42* 9“ deſcribe an arc , on c with 
o q, cut the arc Qin q. 7 

Ath. Draw Q © cutting the primitive circle in 
'D, and Bo will be a fide of the triangle. 

zth. From Q with qa, cut Bar in 4; and 
through Þ, a, c, deſcribe a circumference, and the 
triangle BaD is that required. Whoſe parts BD, BA 
and £ Þ are thus meaſured. 

6th. BD meaſured on the chords, gives 64 degrees. 

7th. Make © p= tangent of half L B, viz.18* 4“; 
a ruler on y and 4 gives x; then By meaſured on 
the chords gives 29* zo”, for Ba. 

8th. Draw a diameter perpendicular to op, cut- 
ting the circumference oA ins; a ruler on D and 
Ss gives m; make mn go degrees, then 6 x meaſured 
on the chords, gives 25 55” for the Cv. | 


II. 
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II. To put as on the primitive circle. Fig. 2. 2. 


iſt. From 4, with the ſecant of the ſupplement 
of the Ca, viz. 52% 10/, cut the diameter OF con- 
tinued in c; on c, with the ſame radius, deſcribe a 
circumference Age. 

2d. Make Op = the tangent of half the ſupple- 
ment of /_ a, viz. 26* g/; and make a x = chord 
of AD, 42* 97: a ruler on ? and x, gives p; then is 
AD equal to 42* of, 

zd. On ©, with the tangent of the angle 3, 36% 
8/, deſcribe an arc mc; on D, With the ſecant of 
L B, 36% $8”, cut the arc mc in c; on c, with the 
ſame radius, deſcribe a circumference .ÞB, then the 
triangle ADB, will be that required. 


III. To put DA on the primitive circle. Fig. 3. 2. 


1ſt. Lay down ap with the chord of 42* 97: 
Draw the diameter pr; and another On, perpen- 
dicular to DF. | | 

2d. On a, with the ſecant of the ſupplement of 
£4 A, viz. 52* 10/, cut the diameter E © in cz 
and on c, with the ſame radius, deſcribe the circum- 
ference 430. | 

3d. Make © p equal to the tangent of half the 
ſupplement 4 a, viz. 26 f/, a ruler by G and v 
IVES: x... . | 

4th. Make xm = xn with the chord of LR, 36* 87; 
a ruler by G and 7 gives r, by 6 and m gives 5; on & 
the middle of rs, with the radius bs, cut © f in p. 

5th. A ruler on r and p, gives h; make bk = bv; 
a ruler or r and & gives c; with the radius cp, deſcribe 


the circumference pr; and the triangle aBD, is that 
| ſought. 


I Com- 
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Computation by the Logaritbmic Scales. 


To find the fide Bo. 


Say, as the fine of C B, is to the ſide ap. 

So is the line of L A, to the ſide Bo. 

Then the extent from the ſine of 36* 87 to the fine 

of 42* 9, will reach from the ſine of 555 10% (the 

ſupplement of 127 500) to the ſine of 63˙ 59“ = 
BD. 


To find the fide as. 


Say, as radius, is to the coſine of the L A. 
So is the tangent of ap, to the tangent of a 4th arc. 

And, as tangent of Cn, to the tangent of the CA. 
So is the fine of the 4th arc, to the ſine of a gth 
arc. 

Then the difference between the 4th and 5th arcs 
will be equal to the fide as. | 

The extent from the radius, or the fine of oe to 
the ſine of 37 500 (the complement of 52% 10), will 
reach on the tangents from 42* 97 to 29% 02” = 4th 
arc. 

And the extent from the tangent of 36 87 to the 
tangent of 52 10”, will reach on the ſines from 299% 
oa“ to 58* 547 = 5th arc. | 

Then the difference between 58* 54/ and 29 02? 
gives 29* 527 for the ſide as. 

The extent from the tangent of 36* 8” to the tan- 
gent of 52* 10/ is taken as ſhewed in the ſecond ope- 
ration of the firſt caſe. 


To find the LD. 


Say, as radius, is to the coſine of av. 
So is the tangent of 4 a, to the tangent of a 4th 
arc, 
And as the coſine of L a, to the coſine of L B; 
So is the line of the 4th arc, to the ſine of the 5th — 
EE Then 
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Then the difference between the 4th and 5th arcs 
will give the £0. 

Now the extent from the ſine of 9e to the fine 
of 47* 517 (the complement ot 42 09/). will reach 
from the tangent of 52* / to the tangent of 43* 400. 
But the 4th arc being a cotangent will be 46 20, the 
complement of 4.3* 40“. 

Allo the extent from the ſine of 37 50? (the com- 
plement of 32 1c/) to che ſine of 53* 62“ (the com- 
pliment of 36* 08”), will reach from the fine of 46* 
20“ to the ſine of 72 167 the 5th arc. 

Then the difference between 72 157 and 46® 20 
VIE. 25* 55 will be the angle o. | 

In applying the firſt extent, viz. from the fine of 
90® to {ine of 47* 41, to the tangents; ſet one foot 
on the tangent of 457 and let the other foot reſt where 
it falls; move the foot from 45* to 32 107; then this 
extent will reach from 45% to 43* 400. 


SoLuTION of C ASE III. 


Ex. In the ſpherical triangle asp. 
Given AB = 29 500. 
BD = 63 59 
£3 3= 236 8 
Required the triangle. 
* 


I. To put AB on the primitive circle. Fig 1. 3. Pl. VII. 


iſt. Make as = chord of 29% go, draw the dia- 
meter BF, and another © x perpendicular thereto. 

2d, From B, with the ſecant of CB, 36* 8” cut © 
in c, the center of Bor. 

3d. From O, with the tangent of half C B, viz. 
184, cut Ox in p, the pole of Bor. 

4th. Make s x = By, 63* 397; a tuler on p and x, 
gives D. Through a, D, 6, deſcribe a circumierence, 
and the triangle aps is that required, whoſe parts ap, 
4 4a, and 4 p may be thus meaſured, Fo 

| 12 Sth. 
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sth. A ruler on 4 and s gives z, make z y = chord 


of go?; a ruler on a and y gives ↄ the pole of a 5 6; 
a ruler on p and p, gives », and a n meaſured on the 


chords gives 42* 8/ tor av. 


.» 6th. 6 y meaſured on the chords, gives £2* 11” for 
the ſupplement of C a; therefore C a = 127? 49/ R 


7th. A ruler on Þ and p gives 7, on p and p, gives 


m; and rm, meaſured on the chords gives 25* 56 for 
the angle Boa. | | 


II. To put os on the primitive circle. Fig. 2. 3. 


rſt, Make vs = chord of 63* 59/: draw the dia- 
meter BF and perpendicular thereto, the diameter © 6. 


2d. From B, with the ſecant of LB, 36* 8”, cut 
Odo in e; on c with cs, deſcribe the circumference 
BAF. 15] 

...3d Make © p = tangent of half L B, 18* 4/, and 


D x = chord of as 29 go, a ruler on v and x gives 
A; through p, a, E, deſcribe a circumference, and the 
triangle ABD is that required. 
III. To put ap on the primitive circle. Fig. 3. 3. 
1. In a right line ed, touching the primitive circle 


in any point , take 5d = tangent of BD, 63* 59'; 


and be = tangent of as, 297 0. | 
2. Make the angle dba == 4 B, 36? 87, and make 


'ba = be. 

3. From 4, O, with pa, Oe, deſcribe arcs croſſing 
in x; from x, d, draw the diameters Ak, DF; and 
others o, on, perpendicular to Ax, FD. 

4. From d, x, with bd, eb, deſcribe arcs croſſing 


in B; and draw 4B, xB. C 


5. From B draw Bc, perpendicular to xB, and 


meeting OO produced in e; alſo draw Bc perpendi- 


cular to ds, and meeting On in c; then c is the center 
of a circumference through a, A, E; and c the center 
of that through p, B, r; and the triangle aBD is that 


required, | 


Compu- 
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Computa tion by the Loparithmic Scales. 
To find the angles a and c. 


Say, as the ſine of half the ſum of the given ſides 

To the ſign of half their difference; 

So is the cotangent of half the given angle 

To the tangent of half the difference of the re- 
quired angles. 

And, as the coſine of half the ſum of the given ſides 

To the coline of half their difference ; 

So is the cotangent of half the given angle 

To the tangent of half the ſum of the required angles. 

Then the half difference of the required angles add- 
ed to their half ſum will give the greater angle a. | 

And the half difference of thoſe angles taken from 
their half fum will give the leſſer angle D. 

Now the ſum of the given ſides 630 59, and 29 
500 is 93 4%, their difference is 34 og/; the half 
ſum = 46? 547, and the half difference | is 17% 047. 

Alſo half the given angle B is 1804“. 

Then the extent from the ſine of 46* 547 to the ſine 
of 1% 4, will reach from the tangent of 715 360 (the 
complement of 18 4) to the tangent of 50? 57 ths 
half difference of the required angles. 

Here the extent on the fines is from right to left or 
decreaſing; ſo the extent on the tangents muſt he 
from left to right, which in this caſe is decreaſing 

Alſo the extent from the ſine of 43 ᷣ (the eom- 
plement of 46* 5 4) to the ſine of 72 g the com- 
plement of 175 = ), will on the ae of Tangents 
reach from 71® 56 (the complement:aF 18 4) to 
76 fg“ the half ſum of the required angles, 

Then the ſum of 76% 53" and 50 57; = 127 
. 

And the difference of 76 55 and 555 37 — 
5& „% 

The angles being known, the othet ſide may be 
found by oppolite ſides _ angles, and is 42* 08%. 


3 Ot 


118 The Deſcription and Uſe 


Or the ether ſide may be found without knowing 
the angles. | 

Say, as radius is to the coſine of the given angle; 

So is the tangent of either given ſide, to the tan- 
gent of a 4th arc. 

Which 4th arc will be like the ſide uſed when the 
given angle is acute, otherwiſe it will be of a contrary 
kind with the ſide uſed. 

Then take the difference between the 4th arc and 
the other given ſide, call the remainder a 5th arc. 

And as the coſine of the 4th arc is to the coſine of a 
5th arc; | | 

So is the coſine of the ſide uſed in the former pro- 

rtion | 

. To the coſine of the fide required. 

Now the extent from the ſign of go? to the ſine. 

of 53* 52“ (= complement of 36* 08”) will reach 


from the tangent of 29® g0/ to the tangent of 24* 317 
the 4th arc. 


And 2417 taken from 63* 597 leaves 39* 8“ for 
the gth arc. | 

Then the extent from the ſine of 65* og” (the 
complement of 24* 51”) to the ſine of go 52“ (the 
complement of 39 08/) will reach from the fine of 
60* 10“ (the complement. of 29* 30“) to the ſine of 
47* 317; whoſe complement, viz. 42* O is the ſide 
required, | 


SoLuTION of CASE IV. 


Ex. In the ſpherical triangle à BD: 
N Given 4 D = 25* 65“. 
B = 36 os“. 
DB = 63* 30“, 
Required, The triangle. 


I. To put DB on the primitive circle. Fig. 1. 4. Pl. VII. 
1. Make ps = chord of 63 59/; draw the diame- 
ter BF, and draw Oo perpendicular to Br. is 


2. From 
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2 From , with the ſecant of C B, 36* 8”, cut Oc 
in c; and c will be the center of BaF. 

3. From d, with the ſecant of L o, 25* 557; cut 
OH in c, and c will be the center of paz; and the 
triangle Das is that which was required; whoſe parts 
DA, BA, and CA, are thus meaſured. | 

4. Make ©p = tangent of + 4D, 12* 57+, A 
ruler on p and 4 gives x; then px meaſured on the 
chords gives 42* 10* for ap. | | 

5. Make ©p = tangent of + L= 18* 4”, aruler on 
p and 4, gives zz then Bz meaſured on the chords, 
gives 29* 54 for AB. 

6. A ruler on a and p, gives u, on à and p, gives mz 
and am meaſured on the chords gives 52? 10' the ſup- 
plement of the angle a. Therefore 4a = 129* 50'. 


II. To put Da on the primitive circle. Fig. 2. 4. 


iſt, From o, with the ſecant of £D, 25* 55; cut 
Or in e; and c is the center of the circumference pBE. 

2d. Make Op = tangent of + 4D, 12* 574; and 
make px = chord ob BD, 63* 69“; a ruler on p, x, 
gives B; and DB is 63* 60. 

3d. Make the angle cBt = 4 B, 36 8“; through 
e, draw mc perpendicular to 30, cutting Bc in e; on 
c, with the radius cs, defcribe the circumterence 480; 
and the triangle ABD, is that which was required. 


III. To put aB on the primitive circle. Fig. 3. 4. 


1ſt, From B, with the ſecant of £m, 36* 8* cut 
Or in c; and e is the center of the circumference of 
BDE. | 
2d. Make gx = chord of By, 63* 59'; and Op = 
tangent of + 4 B, 184“; a ruler on p and x gives v3 
then is BY = 63˙ 59/. | 
3d. Make the angle cos = 4D, 25* 35; then mc 
drawn perpendicular to © o, meeting pc in c, gives 
c the center of the circumference ape; and the tri - 
angle An will be that required, f 
I 4 Come 
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1 The Deſcription and Uſe 
1 Computation by the Logarithmic Scales. 
To find the angle A. 


Say, as radius is to the coſine of the given ſide; 
So is the tangent of either given angle to the cotan- 
gent of a 4th arc. 25 W 
„Call the difference between the other given angle 
and the 4th arc, the ↄ;th arc. | 8 

And, as the fine ot the 4th arc, is to the ſign of the 
£th arc; | 
e So is the coſine of the angle uſed in the former pro- 

rtion 
JI To the coſine of the required angle. 

The 4th arc will be of the ſame kind with the angle 
firſt uſed if the given fide is leſs than 90; but of a 
contrary kind if that fide is greater than oe. | 
Arcs are ſaid to be of the ſame kind, when both 
are leſs, or both greater, than go degrees. | 

The required angle will be of the ſame kind with 
the angle uſed in the proportions, if the 4th arc is leſs 
than the other angle; but of an unlike kind when the 
4th arc is greater than the other angle. | 
Now the extent from the fine of 9go* to the ſine of 
26* 01” (the complement of 63" 59”) will reach from 
the tangent of 25 55” to the tangent of 125 O: But 
this is the complement of the 4th arc, which is 

7 of - | | . 
0 36 oF” taken from 77 587 leaves 41 507 
for the gth are. e 


Ihen the extent from the ſine of 7% 387 to the ſine 


of 41 50”, will reach from the ſine of 64% 5” (the 
complement of 23 55”) to the ſine of 37 50, 
which is the complement to 32% 107, 28 

But as the 4th arc was greater than 36 087, the 


angle ſought is to be of a contrary kind to 25% 557 
(4), that is, that A is to be obtuſe; ſo 125® 507 


(the ſu>plement of 52® 10”) is to be taken for the 


* 4 


* 
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Now all the angles and one ſide being known, the 
other ſides may be found by the proportion ſubſiſting 
between the ſines of angles, and the ſines of their 
oppoſite ſides. 

Or ſay, 

As the ſine of half the ſum of the given angles 

Is to the ſine of half the difference of thoſe angles; 

So is the tangent of half the given ſide 

To the tangent of half the difference of the re- 
quired ſides. | | 

And 


As the coſine of half the ſum of the given angles 

Is to the coſine of half the difference of thoſe angles; 

So is the tangent of half the given ſide | 

To the tangent of half the ſum of the required ſides. 

Then the half difference added to the half ſum 

ives the greater of the ſought ſides. 

And the half difference ſubtracted from the half 
ſum gives the leſſer of the ſought ſides. 

Now the half ſum of the given angles, viz. 
14D + 348 = 31* 01477, 

And the half difference of thoſe angles, viz. 

LB — Zb = 5* by, 

Alſo the half of the given fide DB, is 31? . 
212 the extent from the ſine of 31* 1”, to the ſine 
of 5* 60 6 
Will reach from the tangent of 3 15 39“ to the 

tangent of 6*. 2”. 

And the extent from the ſine of 58* 59 (= com- 
plement of 31* 01”) to the fine of 84 54 (de com- 
plement of 5 6“), will reach ſrom the tangent of 
31* 59 to the tangent of 35* 58“. 

Then the ſum of 35* 587 and 6* 3“, viz. 42% 01 
= AD. 

And the difference of 35 * and 6˙ 37, viz. 299 
55 = AB, | 


SoLU- 
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SoLvTION of CASE V. 


Ex, In the ſpherical triangle ABD. 
Given 4B = 29* 50® 
Ab = 42 9 
Bb = 63 5 


Required, The triangle. 


I. To put AB on the primitive circle. Fig. 1. 5. Pl. VII. 
iſt. Make aB = chord of 297 307; draw the dia- 

meter BF. 

2. Make ay = chord of ap, 4297; and Bm = 
chord of Bo, 63* 507. | 

3d. From », with the tangent of ap, 42* 97, cu 
FA produced in e; and from e, with that radius, de- 
ſcribe the arc un; from m, with the tangent of Bo, 
63 59“, cut FB produced in c; and from c, with the 
radius em, cut the arc un in D. 

Ath. "Through a, , E; n, b, 7, deſcribe circum- 
ferences, and the triangle aDB is that which was re- 
quired ; whoſe angles 4, B, p, are thus meafured. 

5th. A ruler on 4 and a, gives x; on B and 5, 
gives 2; make xy, zv, each go*®; a ruler on 4 and y 
gives p, in a radius perpendicular to AE; and a ruler 
on B and v gives p, in a radius perpendicular to 
Br. 

6th. xy meaſured on the chords, gives 52* 127 for 
the ſupplement of the Za; therefore £a = 127% 48”. 

7th. rv meaſured on the chords, gives 36. 107 for 
the angle B. 

8th. A ruler on p and r gives 7, and on p and ↄ 
gives 5; then 7s meaſured on the chords, gives 230 
387 for the angle p. | 

The ſides Ab, DB, are put on the primitive circle. 
by a conſtruction fo like the foregoing one, that it is 

needleſs to repeat it, See figures 2. 5, and 3, 5. 


Com- 
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Computation by the Logarithmic Scales. 
To find the angle A. 


The ſides including the angle a are 40 == 42* 09” 
And aB = 29 50 
Their difference call x = 12 19 
The ſide oppoſite the /_ a is BD = 63 59 
Then the ſum of BD and x is 76* 18; the half ſum 
is 38* 097; 

And the difference of Bp and x is 51* 407; the half 
difference is 25* 50. | 
Now take x &, extent on the line of fines, from the 

halt ſum 3897 to either of the containing ſides, as to 
29* 50” 3 apply this extent from the other containing 
de 42* og“ towards the left, there let the foot reſt, 

and extend the other — (viz. that which was ſet on 
42* O9“) to the half difference 25* 507; then this ex- 
tent applied to the line of verſed ſires, will reach from 
o degrees (at the beginning, to 52* 127; the ſupple- | 
ment of which, or 127 48” will be the degrees in 
the angle A. 


Again. 7, o find the angle v. 


The ſides including the angle a, are o = 63* 59 
And aD = 42 09 

Their difference call x = 21 50 

The ſide oppoſite to the CD is aB = 29 50 

Then the ſum of as and x is 51* 400; the half ſum 
IS 25* 500. 

Kc the difference of Ba and x is 8 of; the half 
difference is 4* O0. 

Then the extent on the ſines from 25 500 to 63 
59“ will reach from the fine of 409! to ſome point 
beyond go? ; therefore apply the extent between 25 
5o/ and 63' 59/ from the fine of go downwards, let 
the point reſt where it falls, and bring that point 
which was ſet on go to 42* 097; then will the diſtance 

| between 


gives m. 
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between the feet ſhew how far the firſt extent would 
reach beyond go*: Now apply this extent on the ſines 
from the point oppoſite to the middle 1 on the line 
of numbers, the other foot falling upwards to the 
right, ler it reſt there, and extend the other foot to 
the half difference 4 O“: Then this extent ra to 
the verſed ſines, one foot being ſet on the point op 
ſite the middle 1 on the line of numbers, the othe 
foot will fall on 154 5'; the ſupplement where, 
VIZ. 25 550 will be che ang D. 8 | 


114 > 
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Ex. In the ſpherical triangle Ty N 
Given £4 1277 50%. 

4 = 36 87. 
| LD =" 26% 35 
Required, The _ | 


1. f An on the primitivecirde.. Fig. 1. 6. Pl. VII. 


'-rſt. From B, with the ſecant of CB, 36* 8/, cut 
Or inc, and c will be the center of the cireumference 
through B, p, E. 

2d. From O, with the tangent of 52 10” the ſup- 
plement of CA, deſeribe an arc ð—&ũ9. 

3d. Make an angle cag = o, 25" 550 wake 
ag equal By. (= ſecant of 52 10/.) 

Ath. From c, with the radius eg. cut xc in en 
From c, with the radius ga, deſcribe a circumference 
apo; and the triangle ap, is that which was re- 
quired: whoſe ſides AB, BD, Da, are meaſured as fol- 
ows 

sth. A ruler on » and @ gives d, and on a and 5, 
gives f; make dg, fh, each 90 degrees; a ruler on g 
and B; gives v, and on h and 4, gives ps in Wn, OH, 
drawn perpendicular to BE, AG. | 
6th. A ruler on Þ and gives u, and 0 on ? and , 


7th. 


3 
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7th. Then Ba, Bn, am, meaſured on the chords, 
gives 29* go“; 63* 59; 42* 97; for the reſpective 
meaſures of Ba, BD, AD. 
The directions for this conſtruction, may be eaſily 
applied to the putting either of the other fides' on the 
primitive circle. Fig. 2. 6. and 3. 6. Pl. VIE 


C omputation by the Logarithmic Scales. 
To find the fide BD: 


The angles including the fide BD, are 3 = 36* 08/ 
And 4D = 25: 55 
Their difference call x-= 10 13 

The ſupplement of the C oppoſite to Bo is 52 10 

The ſum of the ſupplement of CA and x is 62* 257; 
the half ſum is 31* 1147. | 

The difference of the ſupplement of CA and x is 
41* 57”; the half difference is 20 587. 

Now on the fines, the extent from the half ſum 
g1* 1127 to 25 55 will reach from 36% 08/ to a 
fourth ſine; and the extent from that fourth ſine to the 
ſine of the half difference 20? 533 will reach on the 
verſed fines from the beginning to about 64 the fide 
ſought. 25 

And in like manner may the other ſides be found. 


C0060 OOO 060000405 


S E C r. XX. 
Of the proportional Compaſſes. 


* 


HOSE compaſſes are called proportional, 
whoſe joint lies between the points terminating 
each leg; in ſuch a manner, that when the compaſſes 
are opened, the legs form a crols. 
Sven compaſſes are either ſimple or compound. 


SIMPLE 
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- StmPLE proportional compaſſes, are ſuch, whoſe 
center is fixed: One pair of theſe, ſerve only for one 
proportion. | ; 

T'avs, if a right line is to be divided into 2, 3, 4, 
5, Sc. equal parts; or the cord of 2, + 5, Sc. part 
of a circumference is to be taken; there muſt be as 
many of ſuch compaſſes, as there are diſtin opera- 
tions to be performed. | | 

In each caſe, take the length of the right line, or 
of the radius of the circle, between the longer points 
of the legs; and the diftance of the ſhorter points will 
be the part required. 

ComeounD proportional compaſſes, are thoſe 
wherein the center is moveable; ſo that one pair of 
- theſe will perform the office of ſeveral pairs of the 

ſimple ſort. | 

In the ſhanks of theſe compaſſes are grooves, 
wherein ſlides the center, which is made faſt by a nut 
and ſcrew. 

On each ſide of theſe grooves, ſcales are placed; 
which may be of various ſorts, according to the fancy 
of the buyer: But the ſcales which the inſtrument- 
makers commonly put on theſe compaſſes, are only 
two, Viz. lines and circles. 

By the ſcale of lines, a right line may be divided 
into a number of equal parts, not exceeding the 
greateſt number on the ſcale; which is generally 12. 


Exam. I. To divide a given right line, (ſuppoſe 
of 72 inches long, ) into a propoſed number of equal 
parts. (as 11.) | | 


OrERATION. Shut the compaſſes; unſcrew the 
button; move the ſlider until the line acroſs it, coin- 
* cides with the 11th diviſion on the ſcale of lines 
{crew the button faſt; open the compaſſes, until the 
given line can be received between the longer 2 
of the legs; then will the diſtance of the ſhorter 


points 
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points be the 11th part of the given line, as re- 
quired. 

| By the ſcale of circles, a regular polygon may be 
inſcribed in a given cucle; provided the number of 
ſides ia the polygon, do not exceed the numbers on 
the ſcale, which commonly proceed to 24. 

Exam. II. To inſcribe in a circle of a known ra- it 
dius, (ſuppoſe 6 Inches) a regular polygon of 12 ſides? | 

OPERATION. Shut the compaſſes; unſcrew the 
button; ſlide the center until its mark coincides with 
the 12th diviſion on the ſcale of circles; ſcrew the 
button faſt; take the given radius between the longer 

oints of the legs; then will the diſtance of the 
— points, be the ſide of the polygon required. 

Tusk ſcales are applicable to ſeveral other uſes 
beſide the foregoing ones, in the ſame manner, as the 
like lines on the ſector are. 

FROM theſe operations it is evident, that the 
lengths of the longer and ſhorter legs, (reckoned 
from the center,) muſt always be proportional to the 
diſtance of their extremities. 

Tux ETO E, to divide a right line into 2, 3, 4, 5» 
6, 7, 8, Sc. equal parts; the lengths of each leg, 
from the center, will be expreſſed by the following 
ſeries, the whole length of the inſtrument being taken 
for unity. 


Longer leg 2, T, 4» 7» T» , Ec. 
Shorter leg 2, , 3» 5» 7» #2 c. 


Inxsx diviſions may be very accurately laid on the 
legs of the compaſſes by the help of a good ſector. 
(See Prob. 14.) | 


Os, the diviſions of this ſcale of lines may be found 
by the following conſtruction, 


DR aw 
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Dzaw the indefinite right line Dz; and from any 
point A, without DE, draw Aa, equal to the ſhank 
B of the compaſſes, making 

any angle at a, with DE. 

Through a draw the right 
© FR x line as, parallel to pe, and 
rei — equal to the given line from 
whoſe parts the proportions are taken. 

LET as contain x parts. 


Now that ab may be the tb part of as, or, that 
AB may be » times ab. 


r 5 

1+1 

then the point e is the center of the ſcrew pin. And 
through c, drawing Bc; meeting peg in &; then is 


ab of An, or a n times ab. 


LET ac = N, or Ac = 


It the center of the en be diſtant from the 
mark 1 in the ſlider, the — Jag of N, 


Then ac S — „ (putting 5 = =" us I.) 


Ex. If N = 10000, i and n = 1, Or 2, 
or 3, Oc. 


Then ac = £5000, or 3333, or 2500, c. whet 
the diviſions on the ſhank reſpect the center pin. 


And ac = 17555 or 3358 or 2525, Se. 5 
4975 or 3308 or 2475, &c. 
when the eite reſpect a mark in the ſlider, diſtant 


from the center pin, g of the length of the Inſtrument. 


Tux ſcale for dividing of the circle, or the diviſions 
for regular polygons may be found thus. 
_ Fiwp the angles at the center, of as many regular 
polygons as are to be deſcribed on the compaſſes. 


SEEK the fines belonging to the half of each angle, 
to the radius 1. To 
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To each of theſe fines doubled, add the radius 1. 

THew will the reciprocal of theſe numbers, be the 
lengths of the polygonal diviſions, on the legs of the 
compaſſes, reckoned from the longer point; the length 
of the inſtrument being accounted unity. 

For the longer and ſhorter legs, (or points) are 
in the ſame ratio, as are the radius and chord of the 
angle at the center, | 

AND as the ſum of the radius and chord, is to the 
radius; ſo is the ſum of the longer and ſhorter legs, 
(or points) to the length of the longer point. 

Axp hence was the following table compoſed, 
which ſhews the decimal parts on the leg, from the 
longer point to the center. | 


1 
Length on Length on & Length o 
[5] the Leg. |5Jthe Leg. 5. the Leg. 


o, 3333 [12] 0,6396 [19] 0,7523 | 
0,4142 [12] 0,0589 j20] 0, 7617 
0,4597 [13] 0.6763 [21] 0,7706 | 
0,6921 [22] 0,7785 
0,5354 [15] 0, 7063 [23] 0,860 
0,5605 16 0,7193 [24] 0,7931 
0,5940 [17] 07313 
o, 6180 1181 0,7423 


ol 


5 ©OSJg "Py Ya 
= 
$ 
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Tas diviſions may be truly laid off by the help 
of a good ſeftor ; making the whole length of the 
proportional compaſſes, a tranſverſe diſtance to 10 
and 10, on the line of lines. | 

Tux complements, to unity, of the numbers in 
the table, will give the diſtances of the diviſions from 
the other point of the inſtrument. 


_—_ ' ww 
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Ix the mark in the ſlider, is at ſome diſtance from 
the center, as it commonly is, then this diſtance, 
Which is always known, mult be added to, or ſub- 
trated from, the foregoing numbers, according to 
that ſide of the center the mark is on; and the ſums, 
or remainders, will give the diſtances of the diviſions 
from one of the points. 

ABouT Michae/mas, 1746, was finiſhed a pair of 
proportional compaſſes, with the addition of a very cu- 
rious and uſeful contrivance; (ſee the plate fronting 
the title page) viz. into one of the legs (A) at a 
ſmall diſtance from the end of the groove, was ſcrew- 
ed a little pillar (a) of about + of an inch high, and 
perpendicular to the ſaid leg; through this pillar, and 
parallel to the leg, went a ſcrew pin (45); to one 
end of this ſcrew, was ſoldered a ſmall beam (cc) near- 
ly of the length of the groove in the compaſſes; the 
beam was ſlit down the middle lengthwiſe, which re- 
ceived. a nut (/) that flid along the lit (ad); this 
nut could be ſcrewed to the beam. faſt enough to pre- 
vent ſliding ; one end (e) of the ſcrew of the nut (7) 
falls into a hole in the bottom of the ſcrew to the 
great nut (g) of the compaſſes; the ſcrew pin (4b) 
paſſed through an adjuſter (4) : To uſe this inſtru- 
ment, ſhut the legs cloſe, ſlacken the ſcrews of the 
nuts g and 7; move the nuts and ſlider & to the divi- 
ſion wanted, as near as can be readily done by the 
hand; ſcrew faſt the nut /; then by turning the ad- 
juſter , the mark on the ſlider &, may be brought 
exactly to the diviſion; ſcrew faſt the nut g; open 
the compaſſes; gently lift the end e, of the ſcrew of 
the nut /, out of the ho in the bottom of the nut g ; 
move the beam round its pillar a, and lip the point 
e, into the hole in the pin ; ſlacken the ſcrew of the 
nut F; take the given line between the longer points 
of the compaſſes, and ſcrew faſt the nut / : Then 
may the ſhorter points of the compaſſes be uſed with- 
out any danger of the legs changing their Pen: z 

; 6 8 


of Mathematical Inſtruments. 131 
this being one of the inconveniencies that attended the 
proportional compaſſes before this ingenious con- 
trivancez which was made by Mr. Thomas Heath, 
Mathematical Inſtrument-maker in the Strand, Len- 
don. 

Tux proportional compaſſes had not been long in- 
vented before there were ſeveral learned and ingenious 
perſons who contrived a great variety of ſcales to be 
put thereon ; but theſe are here omitted, becauſe the 
credit of the proportional compaſſes is greatly fallen, 
ſince the invention of the ſector, the latter being a 
much more uſeful inſtrument than the former, and not 
ſo ſubject to be put out of order ; for it one of the 
points of theſe compaſſes ſhould be blunted or broke, 
the inſtrument cannot be uſed, until the damaged 
point be replaced by a new one. However, thoſe 
who are deſirous of knowing the conſtruction and uſe 
of ſuch ſcales on the proportional compaſſes, may be 
amply ſatisfied in conſulting Hulſius, Horſcher, Gal- 
gemaire Bien, and others mentioned in the preface 
to this book. 
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CONTAINING 


The DESscRir TIN and Usk of the 
GUNNE RS CALLIPERS. 


MXX Pair of Callipers is an inſtrument uſed to 


& A & take the diameters of convex and concave 
XN bodies. 


Tux inſtrument called the Gunners Callipers, con- 
ſiſts of two thin rulers or plates, which are moveable 


quite round a joint, by the plates folding one over the 
other. 


THz length of each ruler or plate is uſually between 


the limits of fix inches and a foot, reckoned from the 


centre of the joint; and from one to two inches 
broad: But the moſt convenient uſeful ſize is about 
nine inches long, The figure is beſt ſeen in the 
ate. 

Ox theſe rulers are a variety of ſcales, tables, pro- 

rtions, & c. ſuch as are eſteemed uſeful to be known 
55 gunners and other perſons employed about artil- 
lery: But except the taking of the calibre of ſhot and 
cannon, and the meaſuring of the magnitude of /aliant 
and entring angles, there are none of the articles with 
which the callipers are uſually filled, eſſential to this 
inſtrument z the ſcales are, or may be, put on the 
ſector; and the tables, precepts, &c. may be put 
into a pocket book, where they will not heed ſo much 


contraction: However, for the ſake of thoſe who are 


deſirous 
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deſirous of having a ſingle inſtrument perform many 
things, the following articles and their diſpoſition on 
the callipers are here offered: Some of which were 
erer many years ago by my much eſteemed friend 

r. Charles Labelye, engineer to the works of Meſt- 
minſter-bridge. 


Articles propoſed to be put on the Gunners Calipers. 


I. Taz meaſures of convex diameters in inches. 

II. Tae meaſures of concave diameters in inches. 

III. Ta weights of iron ſhot from given dia- 
meters. 

IV. Tux weight of iron ſhot proper to given gun 
bores. s 

V. Tux degrees of a ſemicircle. 

= Tre proportion of Troy and Averdupoiſe 
weight. 

VII. Taz proportion of Engliſh and French feet 
and pounds. 

VIII. Factors uſeful; in circular and ſpherical 
figures. , 

IX. TaBLEs of the ſpecific gravity and weights of 
bodies. 

X. TaBLes of the quantity of powder neceſſary for 
proof and ſervice of braſs and iron guns. 

XI. Rutes for computing the number of ſhot or 
ſhells in a finiſhed pile. 

XII. RuLes concerning the fall of heavy bodies. 

XIII. RuLes for the raiſing of water, 

XIV. Tax rules for ſhooting with cannon or mor- 
tars. 

XV. A Line of inches. 

XVI. LocariTamic ſcales of numbers, fines, ver- 
{ed ſines and tangents. ; 

XVII. A secToRAL line of equal parts, or the line 
of lines. | 

XVIII. A szcTorAL line of plans or ſuperficies. 


XIX. A $SECTORAL line of ſolids, 
K 3 Tas 


134 & Þ FP END:I-X; 
Tax Callipers propoſed for the reception of the 


foregoing articles 1s nine inches long, and each leg two 
inches broad at the head, and at the points; part of 
the bread h between the ends is. hollowed away in a 
curve, in or er o contain the curva ure of the ball, 
whoſe diameter is taken between the points; one of 
ten inches diameter is the largeſt chat can conveniently 
be taken with a nine inch Calliper; thoſe of fix inches 
cannot well be applied to a ſhot of more than ſeven 
inches diameter, 

For the caſe of reference; it will be convenient to 
diſtinguiſh the four faces of the Callipers by the let- 
ters A, By C, D: Each of the faces a and p conſiſt of a 


circular head and a leg; the other faces ;3 and & con- 
fiſt only of a leg. 


ARTICLE 1. 


Of the meaſures of convex diameters. 


Ow part of the circular head joining to the leg of 
the face a, are diviſions diſtinguiſhed by the title of 
foot diameters : Theſe are to ſhew the diſtance in in- 
ches, and tenth parts of an inch, of the points of the 
_ Callipers when they are opened. 


THE.USE, 


Open the points of the Callipers ſo, that they may 
take in the greateſt diameter of the ball; then will 
the bevil edge marked ꝝ ſhew among the foreſaid di- 
viſions, the diameter of that ball in inches and 'tenth 

arts, not exceeding ten inches. 
' Theſe diviſions may be thus laid down by the ſector. 

Open the ſector until the radius of. the circle, 
whereon is marked the ſcale of diviſions on the head 
of the Callipers, taken with the compaſſes, falls tranſ- 
verſely in the ſcales of lines, on the diviſions ſhewing 
the diſtance between the centre of the Callipers and 
its points : Then the tranſverſe diſtances of * _ 

| 1v1ifions 
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diviſions on the ſcales of lines, being applied like 
chords to the circle of diviſions on the head of the 
Callipers will give the diviſions required. 

Tavs in the nine inch Callipers, the radius of the 
head, or circle of diviſions being one inch, and the 
breadth at the points two inches; the diſtance between 
the centre and points will be (/ 82 =) 9,055385 : 
Then one inch being made a tranſverſe diſtance on the 
ſcales of lines t ; the tranſverſe diſtances of 10, 
9, 8, 7, 6, &. eing applied to the circle on the 
head of the Cal.. 3 appropriated for the ſcale, from 
the mark where the diviſions commence, will give the 
ſeveral points, which being cut by the bevil edge E 
2 ſnew how far the points of the Callipers are di- 

ant. 


Taz workmen generally lay theſe diviſions down 
by trial. 
ARTICLE II. 
Of the weights of iron ſhot. 


On the circular bevil part E of the face B, is a ſcale 
of diviſions denominated by t weight of ſhor. Theſe 
are to ſhew the weights of iron ſhot when the dia- 
meter is taken between the points of the Callipers : 
For then the number cut by the inner edge of theleg a, 
ſhews the weight of that iron ſhot in pounds averdu- 
poiſe, when the weight is among the following ones, 
VIZ. 

. f. 14. 2. 3. 4. 6. K. 9. 12. 16, 18: 44. 46. 
32. 36. 42. © 

OBsERviING that the figures neareſt the bevil edge 
anſwer to the ſhort lines; and thoſe figures behind them 
anſwer to the diviſions marked with the longer ſtrokes 
or lines. | | 

Tntsz diviſions are to be laid down from a table 
ſhewing the diameters of iron ſhots to given weights, 
Such a table is computed by knowing the weight of 
one ſhot of a given diameter: Thus an iron ſhot of 


K 4 , fou 
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four inches diameter is found to weigh nine pounds : 
Thea the weights of ſpheres being to one another as 
the 'Cubes of their diameters, Say, AS 9 ib is to 64, 
the cube of 4. | 
So is any other weight, to the cube of its diameter. 

Tux the cube root being taken will give the dia- 
meter. | | 

No ſetting the points of the Callipers to touch one 
another, make a mark on the bevil edge x oppoſite 
to the inner edge of the leg a; and this mark will 
be the beginning of this ſcale of weights : The other 
diviſions will be obtained by opening the points of 
the Callipers to the diſtances reſpecting the weights to 
be introduced, as ſhewn by the table, and marking the 
diviſion oppoſite to the inner edge of the leg a, 


ARTICLE III. 


- Of the meaſures of concave diameters. 


Om the lower part of the circular head of the face 
A, and to the right hand of the diviſions for the dia- 
meters of ſhot, is another ſcale of diviſions, againſt 
which ſtands the words Bores of Guns. 


THE, U 3 F. 


To find the calibre, or the diameter of the bore of a 
| cannon. 


SLIP the legs of the Callipers acroſs each other, 
until the ſteel points touch the concave furface of the 
gun in its greateſt breadth z then will the bevil edge 
1, of the face B, cut a diviſion in the ſcale ſhewing 
the diameter of that bore in inches and tenth parts. 

In the nine inch Callipers theſe diviſions may be 
extended to 18 inches diameter, but 14 inches is ſuffi- 
cient for both cannon, and mortars : And in the ſix 
inch Callipers a diameter greater than 10 inches can- 
not be conveniently introduced. 

. | ' Theſe 


\ 
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Theſe diviſions may be thus laid down by the ſector. 


Ser one inch the radius of the circle on which the 
diviſions are to be put, as a tranſverſe diſtance to the 
diviſion 945-5 on the ſcale of lines on the ſector : Set 
the points of the Callipers together, and make a mark 
on the circular head where it is then cut by the bevil 
ege r: Then the ſeveral tranſverſe diſtances taken 
from the ſector, and applied on the circumference of 
the circular head of the Callipers, from the ſaid mark, 
the ſeveral diviſions ſhewing the diſtance of the points 
of the Calliper are thereby obtained. | 
Workwmen find theſe diviſions by actually ſetting 
the points to the diſtance. 


ARTICLE IV. 


Of the weights of ſhots to given gun bores. 
WiTnin the ſcales of ſhot and bore diameters on 
the circular part of the face a are diviſions marked 
Pounders. 
| THE USE. | 
Wren the bore of a gun is taken between the points 
of the Callipers, the bevil edge x will cut one of theſe 
diviſions, or be very near one of them: Then the 
number ſtanding againſt it will ſhew the weight of 
iron ſhot proper for that gun; not exceeding 42 
pounds. 
THe inner figures 2, 14, 3, 5, 8. 12. 18. 26. 36. 
belong to the longeſt ſtrokes or lines; and the figures 


I. 2. 4. 6. 9. 16. 24. 32. 42 belong to the ſhort 
ſtrokes. 


THe diameters given by theſe pounders are larger 
than thoſe given for the ſame weights of ſhot ; be- 
cauſe there is an allowance made, called Windage, that 
the ſhot may roll eaſily along the chace. 


A R. 
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Of the degrees in the ſemicircular head. >, 
Tuxsx degrees are placed on the upper half of the 

circular head of the face 4, where are three concen- 

tric ſcales of degrees: The outward ſcale has 180 de- 

numbered from the right to left, with 10. 20. 

30. 40. &c. to 180: The middle ſcale is numbered 

in the ſame manner, but the contrary way: And the 

inmoſt ſcale begins in the middle with o, and is num- 

bered from thence both ways with 10. 20. 30. &c. to 
90 degrees. 


THE- USE. 


Firſt to meaſure an entring, or internal, angle. 


ApeLy the legs of the Callipers ſo that its outſide 
edges coincide with the legs of the given angle; then 
will the bevil edge r cut the degrees ſhewing the mea- 
ſure of that angle in the outſide ſcale + 


Secondly. To meaſure a ſaliant, or external, angle. 


Sui the legs of the Callipers acroſs each other, fo 
as their outſide edges may coincide with the legs of 
the given angle; then will the bevil edge E cut the 
degrees ſhewing the meaſure of that angle: Theſe 
degrees are to be counted on the middle ſcale. 

Hence an angleof any number of degrees may be 
readily laid down by the Callipers, either on paper, 
or in the field. | 4 

Thus. Oeex the Callipers, the legs being croſſed, 
until the edge E cuts the degrees on the middle ſcale; 
the croſſing edges of the inſtrument will then form the 

ſides of that required angle: The Callipers then laid 
flat on the paper or ground, lines drawn by the ſtrait 
' ſides will expreſs that angle. Vat 


Thirdly. 
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Thirdly. To find the elevation of cannon and mortars, or 
of any other oblique plane or line. 
Pass one end of a fine thread into the notch on the 
plate B, and to the other end tie a bullet, or other 
weight: Apply the ſtrait fide of he plate a to the 
ſide of the body whole inclination is wanted; hold the 
plate a in this poſition, and move the plate B until 
the thread falls upon the line near the centre marked 
Perp. Then will the bevil edge r cut the d 
counted on the inner ſcale, ſhewing the inclination 
which that body makes with the horizon. | 
Note. When the edge r cuts o on the inner ſcale ; 
and the ſtring cuts the Perp. mark, then the ſtrait fide 
of the leg A is horizontal: It the head of the Callipers 
is elevated above the other end, then the edge v muſt 
ſlide downwards towards the ſtrait fide of the leg A: 
But if the head of the Callipers is held lower than the 
other end, then muſt the edge r flide the contrary 
Way. 
* outſide of a cannon or mortar is not pa- 
rallel to its chaſe; therefore a ſtrait ſtick muſt be ap- 
plied to the bottom or top of the bore, touching the 
chaſe; and the ſide of the Callipers be laid on that 


ſtick. 
255 ARTICLE! 


Of the proportion of Troy and Averdupoiſe Weights. 
On the face c near the point of the Callipers is a 
little table ſhewing the number of pounds that are 


contained in an equal weight expreſſed in pounds 
Troy; and the contrary. 


Tas numbers are taken from very accurate ex- 
periments made in the year 1744 by the late Mart: 
Folkes, Eſq; Preſident of the Royal Society, aſſiſted 
by ſeveral other gentlemen of that learned Body. 


Tas 
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0 Tur TAI. | 
ts Troy # Averd. oz. Troy oz. Averd. 


576,00000=7 82 =90 
1,00000= 0,822 74 1,00000== 1,09707 
1,21545= 1,00000 | O,91152= 1,00000 
THE US E. 


es I. What weight in pounds Troy is equal to @ 
braſs gun weighing 18 C wt. 


Now 18 C wrt. is equal to 2016 %, (=18X112). 

TREN I: 3 : 2016 : 2450 tþ Troy. 

On, o, 82274: : : 2016 : 2450 b Troy. 

OR, 576: * : 2 2016 : 2450 b Troy. 

ExTHER of theſe methods may be uſed as the ope- 
rator pleaſes. 


ExAMPLE II. What is the worth of a ton of gold ; Jup- 
poſing 1 i Troy makes 44+ guineas. 
Now 1 Ton =2240 tþ Averd. (=20X112). 
AND I: 1,21545 : : 2/40 : 2722, 6 t Trey. 
ALSO 447 Guineas, makes 46.725 / ſterling. 
THewn 1 : 2722, 6: * 40,725 © 127213.485 L. 
Ox, 127213 J. 95. 84. 2 
Bur if Troy pounds were given to be converted into 
Averdupoiſe pounds, then the numbers in the Troy 
column muſt be the firſt terms of the proportions. 


Exauer E III. H a braſs gun weighs 2450 i Troy 3 
What is its weight in Averdupoiſe ? 


THEN 1 : 0,82274 : : 2450 : 2013, 75 Ave. 

On, 1,21545 : 1,00000 : : 2450 : 2015,7 

vs. 300 : ' £70. : ::2450..:: 2010. 

ALTROVUGH the Averdupoiſe pound is heavier than 
the Troy pound, yet the Troy ounce is heavier than 
the Averdupoiſe ounce, nearly in the proportion 2 
to 92. 
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ExauLE IV. In a cheſt of filver containing 4380 
pieces of eight, each piece weighing + of an ounce Tray: 
How many ounces Averdupoiſe. 


Tuxn 82 : go :: 4380: 3846, 88 
Or, I 1, 970%: : 4380X+,: 3844,13 
OR, o, 91152: 1 2! : 4380 K : 3844, 13 
CLose to the former table is another, ſhewing the 
number of cubic inches in a gallon, both in wine and 
beer meaſures; and conſequently their proportions: 
One uſe is ſhewn by the following Example. 


How long will 33 butts of beer ſerve a crew of 324 men, 
allowing to each man 3 wine quarts a day? 


Now 33 butts contain 3564 beer gall. (=108x 33) 
AnD 231 : 282 :: 35064 : 43507 wine gallons, 
AND 43505 gallons makes 174035 quarts, 
Taz 17403 divided by 324 gives very near 54. 
ConsEQUeNTLY + of 54, or 18 days, is the time 


that the beer will ſerve. 


Ir wine gallons were to be converted into beer 
gallons, | 

Say 282 : 231 : : wine gallons : beer gallons. 
Os %: % „ 2 TS” 


ARTICLE VII. 
Of the proportion of the Engliſh and French feet and 


pounds, 
Nx ax the point of the face p of the Callipers are 
two tables ſhewing the proportion between the pound 
weights of London and Paris, and. allo between the 
lengths of the foot meaſure of England and France. 
Theſe are according to the accurate ſtandards ſettled * 


between the Royal Societies of London and Paris about 
the year 1743. 


THz 


142 APPENDIX, 


Tres TABLES. 
Eng. tb. F. W. l Eng. F. Fr. F. 


— = 1,00 114 = 107 
1,00 = 0,926 1,000 = 0,9386 
108 — 100. I,0054= 15,0000 
THE USE. 


ExaMPL I. Suppoſe a crew of 54 Engliſh ſailors were 
to attack a French fort, and carry off 6 pieces of braſs 
cannon weighing one with another 980 tf French: 
How much would each Jobn's ſhare come to, ſuppoſing 
they could ſell the cannon at 81. a hundred weight 
Engliſh ? 

| W F. b E. ß F. | 
Now 100 : 108 : : 980X6 : 630, 4, t Engl. 

| 1 91 
- AnD 112: : 635064 : 45346 L. ſterling, 
M. 


TEN 54 : PN 8,4 L. 
So that the 3 < each will be 8 guineas. 


ExamMPLE II. How many Engliſh yards are equal to 180 
French toiſes or fathoms ? 


Now 1 : 1,0654 : : 180 : 191,672 Eng. Fa. 
Tax 180 French Fathoms are yas to about 383 
yards 1 foot. 


ARTICLE VIII. 


Faclors uſeful in circular and ſpherical figures. 
Nx AR the point of the Callipers on the face Aa is a 


able 8 four rules of the circle and ſphere. 


TRR 
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True TABLE. 


Diam. X 351416 Scircumf. 

Sq. Diam. X0,7854 =area 
Sq. Diam. X 3, 1416 =ſurface 
Cube Diam. xo, 3236 Sſolidity 


of a circle. 


of a ſphere. 


THE USE. 


ExamPLE I. What is the circumference of a circle whoſe 
diameter is 12 inches ? 


TuEN (3,1416X12 =) 37, 6992 is the circumfer, 


FxameLE II. What is the area of a circle whoſe dia» 
meter is 12 inches? 
Now the ſquare of 12 is 144. 
Tarn (0,7854X144 =) 113,0976 is the area. 


ExamPLz III. hat is the ſuperficies of a ſphere whoſe 
© diameter is 12 inches? | 

Now the ſquare of 12 1s 144. 

Tren (3,1416X144=) 452,3904 the ſuperficies of 
the ſphere. ®Þ 
ExXAMPLEIV. Required the ſolidity of a ſphere whoſe 

diameter is 12 inches? 

Now the cube of 12 is 1728. 

Tarn (o, 52 36 1728=) 904, 7808 is the ſolidity. 

Upon the circular heads of Callipers are uſually 
placed certain mathematical figures with numbers ſet 
to them; which figures and their numbers may be 
placed near the points of the Callipers here deſcribed, 
the circular head being appropriated for another uſe. 


The 
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be figures are theſe. 


Taz numbers in figure 1, are ufeful for finding 
the circumference of a circle by knowing its diameter; 
or to find the diameter by knowing the circumfe- 
rence. Thus 

. Say As 7: 22 :: any given diam: its circum. 
Ax As 22: 7 : any given circum: its diam. 
Or As 113: 355 :: any given diam: its circum. 
And As 355 : 113 : : any given circum : its diam. 
Fi. 2, There is a circle inſcribed in a ſquare; a 

ſquare within that circle, and a circle within the inner 
ſquare : To this figure are ſet the numbers 28. 22. 

14. 11. Theſe numbers ſignify, that if the area of the 

outward ſquare is 28, the area of the inſcribed circle 
is 223; the area of the ſquare inſcribed in that circle 
is 14, and the area of its inſcribed circle 1s 11. 


VR. 


ExaurlE. What is the area of a circle whoſe diameter 


is 12 ? 


| Now the ſquare of 12 is 144. 
Taz] As 28 : 22 : : 144 : 113, 1 the area. 
: 113, 1. 


Ie may be obſerved, that the ſquares are in propor- 


tion to one another as 2 to 1; and the two circles are 


alſo in the ſame proportion. 


* Figure 3. Repreſents a cube inſcribed in a ſphere ; 
the number 90; fixed to it ſhews, that a cube of iron, 
* inſcribed 


% 


APPENDIX. 145 


inſcribed in a ſphere of 12 inches in diameter, weighs 
o pounds weight. | 

Figure 4. Is to expreſs a ſphere inſcribed in a cube: 
Now this figure with its number 246 is to ſhew the 
weight in pounds of an iron ſphere of 12 inches dia- 
meter; or of a ſphere inſcribed in a cube whoſe ſide is 
12 inches. 

Figure 5. Repreſents a cylinder and cone, whoſe 
diameters and heights are each one foot : To the cy- 
linder is annexed the number 369 ſhewing the 
weight in pounds of an iron cylinder of 12 inches 
diameter and 12 inches in height: And the number 
121 * Joined to the cone 3 that an iron cone 
the diameter of whoſe baſe is 12 inches, and the height 
12 inches, weighs 121 +74 pounds. 

Figure 6. Shews that an iron cube, whoſe ſide is 
12 inches, weighs 470 pounds; and that a ſquare 
pyramid of iron, whoſe baſe is a ſquare foot, and its 
height 12 inches, weighs 1565 pounds. | 

TresE numbers which have hitherto been fixed to 
the four laſt figures are not ſtrictly true. 

Fox by experiment an iron ſhot of four inches dia- 
meter weighs 9 pounds, 

AnD the weights of ſpheres being to one another as 
th ecubes of their diameters : 

THEREFORE 64 (=4X4X4): 9 :: 1728 (M 
12X12) ; 243 pounds, for the weight of a ſphere of 
iron which is 12 inches in diameter: Conſequently 
the number 243 fhould be uſed inſtead of 246; in the 
4th figure. | 

Acain, The ſolidity of a cube inſcribed in a ſphere 
of 12 inches in diameter, is 332,55 cubic inches. 

Axp the weights of bodies of a like matter being 
in the proportion of their ſolidities. 

THEREFORE, As 904,7808 : 243 : : 332455: 
$9.315 pounds. | 

ConsEQUENTLY the number og uſed at figure 3, 
ſhould be 894. 1 


L Hers 


% 


the ſaid 4 inch ſhot, ſhould be dimini 


146 pT. 
Hz RE 904, 7808 is the ſolidity of a ſphere of 12 


inches diameter. 

AT figure 5. the weight of the iron cylinder 
ſhould be 364,5 inſtead of 369 fr, and the weight of 
the cone ſhould be 121,5. | = 

For the ſolidity of a cylinder of 12 inches diameter, 
and 12 inches high, is 1357,1712 cubic inches. 

TEN 904, 7808 : 243 : : 1357,1712 : 364,5 

unds, 

AnD cylinders and cones having equal baſes and 


+ heights are in proportion as 3 to 1. 


THEREFORE the + of 364,5, or 121, f pounds is the 
weight of the cone. | 


InE numbers at figure 6 annexed to the cube 
ſhould be 464 pounds. 

And that fixed to the pyramid ſhould be 1343 
pounds. | a 

For the cube inches in a foot cube are 1728. 

THEN 904, 7808: 243 :: 1728: 464. 

Axp a pyramid is + of a cube, the baſes and height 
being equal. | 

THEREFORE the + of 464 is 154 4 pounds for the 
weight of the pyramid. | | 

ALTHOUGH it is uſvally reckoned that a four inch 
iron ſhot weighs nine pounds; and from thence it is 
deduced that the cubic foot weighs 464 pounds ; yet 
by the table of ſpecific gravity on the callipers, which 
is framed from the moſt accurate experiments, a cubic 
foot of caſt iron weighs almoſt 446 pounds; which is 
18 pound leſs than the weight derived from the 4 inch 
ſhot, and 24 pound leſs than that heretofore graved 
on the callipers; therefore all the e. . found from 

ed in the pro- 

portion of 464 to 446. on 
Fon the numbers at figures 3, 4, 5, 6. 
As 464 : 446: 89,315 : 85,85. 
* 06 429 - : 243 233.5. 
As 404 : 446: : 30445 : 330, 3. 


os f ? 
* * * - 


So 
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So 85+ tþ is the weight of an iron cube inſcribed in 
a ſphere of 12 inches in diameter. 

Axp 233z th is the weight of an iron ſphere of 12 
inches diameter. 


ALSO 3507 t is the weight of an iron cylinder of 
a foot in diameter and height. 


AnD 1165 tþ is the weight of an iron cone of a 
foot in diameter and height. - 

AGain 446 I is the weight of a cubic foot of iron. 

Axp 1485 1þ is the weight of an iron pyramid, 


having its baſe a ſquare foot, and its height equal tg 
12 inches, | | 


ARTICLE IX 


Of the ſpecific gravities and weights of bodies. 


On the leg 8 of the callipers is a table ſhewing the 
weights of a cubic inch or foot of various bodies in 

unds averdupoiſe. To the table here annexed is 
joined the ſpecific gravities of thoſe bodies, which art 
omitted on the callipers for want of room. 
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A Table fnewing the weights of bodies and their ſpecific 


gravilles, 
ER = T Weigh nn rn nn 
Fine Gold. Inch — —ͤ— 
Standard Gold. Inch . 2 
Quickſilver. Inch. 8 19,520 
Lead. 1 4 N 13,762 
Fine Silver. Inch | 0 | OT 
e ch n 
Copper ; 0 44 548,0028 un 
Braſs. F. * 92317186 769 
Steel. F. — 5 8, 104 
Bar Iron. F. N 7850 
Block Tin, F. | 452, 5 0 75764 
Caſt Iron. F. 44 . 77238 
tory Marble. F. 188,87 — 2782 
ass F. a 162, 4994 ; | f e v. 
I Flint. F. | 161,3745 82 
| Stone y Portland. F. | 160, 6245 2,592 
; Free. F. 158,248 þ.11 27 
Brick. F. 5 |. 2 
Brimſtone. F. x 5000 A 
Clay. F. 112, 0000 3 
River Sand. F. r eee 1,792 
Sea Water. F. 64, : 0 
Rain Cubic F. | bugs hm 2 
Cubic Inch 0, 616 
Water . ic F. — 3 
indri | 
Port Wine. p. Po" 9 | 
Brandy. F. * cha 0,988 
Olive Oil. F. — 0,928 
Dry Oak. F, 57,18 4+ | 0,913 
Lime. F. 52, 4 4 0,915 
Elm and Aſh. F. —— * — 
Wheat. F. pg 4 2 
{| Yellow Fir. F. ec lay wow 
White Deal. F. | "1 | 0,057 
Gun F, | . | 0,569 
Powder In. | 0,0400 : | 1,106 


In 
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In the foregoing table is contained ſuch bodies as 

ractical engineers and others may have occaſion to 
{ao their reſpective weights; there are indeed a 
great number of other bodies whole ſpecific gravity 
have been determined by ingenious men :, But thoſe 
only which were apprehended to be the moſt uſeful 
were ſelected for this ſubject. 

EvEeRy one will readily conceive how the column 
of weights may be obtained, namely by procuring 
maſſes of a cubic inch or foot of the ſolids, and care- 
fully weighing them in nice ſcales to the ſmalleſt de- 
gree of averdupoiſe weight : And for the fluids, their 
weights may be determined by having cubical or cy- 
lindrical veſſels made to hold a known quantity of cu- 
bical inches, and in them to weigh the fluids. 

Tae ſpecific gravity of a body being the relation 
which that body has to ſome other body fixed upon 
as a ſtandard to compare by ; and rain water being 


found to be alike, or very nearly fo, in all places; 


and therefore choſen by philoſophers as the proper 
ſtandard ; conſequently by the word ſpecific gravity 
of a body is meant no more, than that it is ſo many 
times heavier or lighter than water, when compared 
together in equal balks. 

Tavs fine filver is ſomething more than 11; that 
is, a maſs of fine ſilver will weigh ſomething above 
eleven times the weight of an equal maſs of water : 
And, ſo a common brick weighs twice as much as 
the rain water that would fill a mould fitted to the 
brick. 

Now the weights of equal maſſes of ſeveral bodies 
being determined, their ſpecific gravities may be rea- 
dily found, they being in the ſame proportion to one 
another as their weights: And as the compariſon 
1s made to rain water, of which, by repcated experi- 
ments, it has been found that a cubic foot weighed 
624 pounds averdupoiſe; therefore dividing the weight 
of a cubic foot of any body, by 625; the quotient will be 

L. 3 the 


| 
| 
| 
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the ſpecific gravity of that body, relative to rain water 
Whoſe ſpecific gravity is repreſented by unity. 

Tus difficulty of procuring maſſes of metals and 
other bodies in all parts homogenous, and of having 
both them and the veſſels of capacity conſtructed to 
a mathematical exactneſs, has rendered this method 
of eſtimating the ſpecific gravities from the weights of 

ual bulks, liable to exception: And therefore ano- 
ther method has been contrived to come at theſe ſpe- 
cific gravities, hydroſtatically. 

Ir is a well known thing | bi any body will weigh 
leſs when it is immerſed in water than when it is 
weighed in the open air; and from a very little reflec- | 
tion, it will be ſeen that the difference between the 
weights of any body when weighed in air and in wa- 
ter, will be equal to the weight of ſo much water as 
is equal in bulk to the body immerſed : But the diffe- 
rence between the weights of a body in air and in wa- 
ter, will ſhew the weight of a bulk of water equal to 
the body ſo weighed : Therefore to find the ſpecific gra- 
vity of any body, find its weight in air and in rain wa- 
ter, and take the difference of thoſe weights; then the 
weight in air divided by that difference, will give the 
ſpecific gravity required. 

Ir the ſolid whoſe ſpecific gravity is wanted, be 
lighter than water, ſo that it cannot fink by its own 
weight, let it be — 5 to another ſo weighty that the 
compound may fink : But firſt let the loſs of weight 
which the, heavy body alone ſuſtains in water be found 
as before; and then let the loſs of weight which the 
compound body ſuſtains be diſcovered ; from which 
take the loſs of weight of the heavier, and the remain- 
der is the loſs of weight ſuſtained by the lighter ; by 
which dividing the weight in air of the lighter body, 
and the quotient will ſhew the ſpecific gravity. 

Wren the ſpecific gravity of fluids are to be com- 
pe to each other; take a ſolid of any matter and 
ſhape, ſuppoſe a glaſs ball, hung by a horſe hair, and 


1 immerſe 
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immerſe this ſolid in each fluid, and find the loſs of 
weight of the ſolid in each fluid, the weight of the 
body in air being firſt known; then will theſe loſſes 
expreſs the ſpecific gravities of thoſe fluids : For fince 
the loſs of weight in each liquor is equal to the weight 
of as much of the liquor as is equal in bulk to the 
body weighed; therefore by taking the loſſes of 
weight ſuſtained by the ſame body in the ſeveral 
liquors, the abſolute weights are obtained of ſuch por- 
tions as are equal in bulk, and conſequently the ſpe- 
cific gravities of thoſe liquors, 

In this method of finding the ſpecific gravity of ſo- 
lids, it is not neceſſary that they ſhould be reduced to 
any regular ſhape ; neither is there wanted a veſſel of 
a known figure and capacity to contain the fluids ; and 
conſequently the ſpecific gravities of bodies, whether 
ſolids or fluids, may be very eaſily come at: But from 
the ſpecific gravities to find the abſolute weights of 
any aſſigned maſs of ſeveral bodies, there muſt be 
another experiment made, which is to find the loſs of 
weight in water, of a body of a known magnitude; 
ſuppoſe of a cylinder of a homogenous metal, the ſo- 
lidity of that cylinder being moſt accurately calcu- 
lated ; then will the abſolute weight of an equal maſs 
of water be known ; and conſequently the weight of a 
cubit foot of water may be accurately obtained, from 
whence the abſolute weight of a cuvic foot of any other 
body whoſe ſpecific gravity is known, may be found by 
multiplying the ſpecific gravity of that body by the weight 
of a cubic foot of water. 


SOME USES OF THE TABLE. 
Taz weights of bodies anſwering to a given ſoli- 
dity are of a twofold uſe. 


FirsT, To find the weight of a body of @ given dimen- 
fions, or ſolidity. 


L 4 SE- 
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SECONDLY, To find the ſolidity of a body by knowing 
its weight. 


Exam. I. What is the weight of à block of marble 
7 feet long, 3 feet broad, and 2 feet thick? © 

Now yx 3X2==42 feet for the ſolidity. 

A cusic foot of marble weigh 168,8757 pounds. 


my 038,8757X42 gives 7092, 7794 pounds. 


qrs. 15 
OR, 63 : 1 : 82 is the weight of that marble. 


— 


Exam. II. What is the weight of a 13 inch iron 
bomb ſhe!l, the metal being two inches thick on a mean? 


HERE the ſolidity of two ſpheres muſt be found, 
one of 13 inches diameter, and the other of 9 inches 
diameter; then their difference being taken will give 
the ſolidity of the ſhell. 

Now the cube of 13 is 2197. 

Axp the cube of g is 729. 

ALso 2197X0,5236 gives 1150,3492 ſolidity. 

Ax D 729X0,5236 gives 381, 7044 ſolidity. 

TRI difference is 768, 6448 cubic inches. 
Axp 768, 6448 divided by 1728 gives o, 4448 parts 
of a cubic foot. Aalen N | 
Now a cubic foot of caſt iron weighs 443, 9363 
pounds. wy | 

TREN 445,9303X0,4448 gives 198,363 pounds 
for the weight of the ſhell. | 


"Exam. III. How many pigs each of 12 inches long, 
6 wide and 4 thick, may be caſt out of 10 ton of melted 
lead? * | 

Now 10 ton =10X 20=200 C. wrt. 
AND 112X 200 2400 pounds in 10 ton. 


By the table, 507,0458 pound makes a cubic foot 
of lead. 


AnDp 22400 divided by 70%, o458, gives 31,681 
Cubic feet, which the 10 ton will make. 1 
o 
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Now the ſolidity of each pig is + of a foot. 

THEREFORE 31, 68 1 feet ſolid will make 190 pigs. 

From ſeveral experiments it appears that middlin 
ſized men, or thoſe between 5 feet 6 inches and g feet 
9 inches in height, weigh about 150 pounds, and are 
in bulk equal to about 24 ſolid feet; and the ſmall 
ſized men, or thoſe between g feet 3 inches, and 5 
feet 6 inches in height, weigh about 135 pounds, and 
are in bulk equal to about 2+ ſolid feet: And from 
thoſe expriments it alſo appears, that moſt men are 
ſpecifically lighter than common water, and much 
more ſo than ſea water. Conſequently could perſons 
who fall into water, have preſence of mind enough to 
avoid the fright uſual on ſuch occaſions, many might 
be preſerved from drowning : And a very ſmall piece 
of wood, ſuch as an oar, would buoy a man above 
water while he had ſpirits to keep his hold, 

A GENTLEMAN who had been on board of a Mal- 
teſe ſhip of war, obſerved hanging to the tafarel, a 
block of wood almoſt like a buoy, and ſo ballanced 
that one end ſwam upright, carrying a little flagſtaff 
with a ſmall vane ; the perſon who was on duty on 
the poop had orders to cut the rope by which the buoy 
hung, upon any cry of a perſon's falling over board ; 
and as- the block would be in the ſhip's wake by the 
time the perſon floated therein, he was ſure of havin 
ſomething at hand to ſuſtain him, till the boat could 
come to his aſſiſtance z and ſhould that take fo lon 
time to do, as that the diſtance from the ſhip to the 
man rendered him inviſible, yet the boat would have 
a mark to row towards, ſhewn them by the vane. 


Exam. IV. How many ſpars of white fir, each of 20 
feet long and @ foot ſquare, are to be laſhed together, till 
the raft is ſufficient to float, in common water, 100, 
barrels of gunpowder conducted by four middling fized 


men, ſo as to keep the barrels three inches clear of the 
water ? 


A 
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A BARREL of gunpowder, barrel and all, weighs 
about 120 th. | 

So 100 barrels will weigh 12000 fh. 

AnD 4 men, at 150 Hþ each, weigh 600.tb, 

So that the raft muſt ſuſtain a weight of 12600 fh. 

Now the deal will of it ſelf fink in the water, until 
the weight of the water diſplaced is equal to the weight 
of the wood. | 

In each ſpar there is 20 feet of timber. 

A cusic foot of white deal weighs 35,5624 pounds. 

So 35,5024X20=711,248 3b. the weight of one 


r. 
"An D is alſo equal to the weight of the water diſ- 
, A eunic foot of common water weighs 62,5 th. 

Tak 62,5 : 1 : : 711,248 : 11,38 the number 
of cubic feet which each ſpar will have immerſed by 
its own weight. 

As the barrels are to be 3 inches clear of the water, 
therefore the ſpar muſt be ſunk 9 inches; and conſe- 
quently 15 feet ſolid of each ſpar muſt be immerſed : 
TIN 18— 11,383, 62 the additional cubic feet 
of water to be diſplaced by each ſpar, by its incum- 
bent weight. e 

And 1 : 3,62 :: 62,5: 226, 25 lb. the weight which 
each ſpar is to ſuſtain. ; 

Trzn 226,25 : 12600 :: 1 : 55,6, &c. 

CoNnSEQUENTLY 56 ſuch ſpars laſhed together will 
make a float ſufficient for to ſuſtain the given weight 
in the manner propoſed. 


ARTICLE X. 


Of the quantity of powder uſed in firing of cannon. 
On the circular head of the callipers, on the face 
b is a table contained between five concentric ſeg- 
ments of circular rings; the inner one markt Guns, 
ſhews the nature of the gun, or the weight of ball it 
carries: 
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carries: The two next rings contain the quantity of 
powder uſed for proof and ſervice to braſs guns; and 
the two outermoſt rings ſhew the quantity for proof 
and ſervice, uſed in iron cannon. 

Tur numbers in this table expreſs the Engliſh 
uſage, which for the moſt part, allows the weight of 
the ſhot for proof, half its weight in ſervice, and one 
fourth of its weight of ſhot for ſalutes. | 

Tas French allowance of powder, for the char 
of the piece for ſervice, uſed to be two thirds of the 
weight of the ſhot ; twice as much for proof, and 
one fourth of the weight of ſhot for ſalutes, 


THE TABLE. 


Nature Brals Iron 1 
of guns Proof [Service| Froof | Serviceſalutes|Scaling 
Pounder P. Oz. It B. Oz. HB. oz.{tb. oz. IB. oz. th. oz. 
i wt - X po ſ- —- — — —k—  — | 
i [1.6108] 1.0 0.8 | 0.8 
14 1.8 | 0.12] 1.8 J 0.12 
2 2.0 1.02.0 1.8. 
| 3 3.0| 1-8} 3.0 | 1.8 
4 4.0|2.0] 4.0] 2.0 
5+ | 5-4] 2-10 5-4} 2.10 
6 6.03.0 6.0] 3.0 
i 8.0 | 4.0 
9 9.04890 4.8 
12 112.01 6.0 [i2.ol 6.5 
18 18.0 9.0 [15.0 | 9.0 
24 21.0 12.0 18.0 [11.0 
26 — o 113-0 [19.0 [12.0 
32 26. 1216.0 21,8 [14. 
36 2.0 
42 E 
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Guns carrying ſhot of the weight 1 1b. 14. Ib. 2 1b. 
41b. 5 lb. 8 Ib. 261b. 36 Ib. are now out of uſe in 
the Britiſh navy. | 

Tut uſe of this table is obvious: For ſeek the 
-name of the gun in the inner ring, and the weights of 
powder for proof and ſervice will be found between 
the ſame two ſtrait lines, like radii; and in one of 
the other rings, according as it is tituled at the end. 

Tuus to a braſs 9 pounder, there is allowed olb. 
of powder for to prove, or try the goodneſs of the 
gun when it is firſt caſt; and 4 Ib. 8 oz. of powder 
for each charge in common ſervice: But an iron 9 
pounder has 9 lb. for proof, and 6 Ib. for ſervice. 

Wren cannon are proved they are uſually loaded 
with two ſhot. 

Ox ſhip board, after there are five or ſix rounds 
fired on warm ſervice, the allowance of powder is to 
be proportionally leſſened each time the gun is loaded, 
until the charge is reduced to one third of the weight 
of the ſnot: And the guns as they grow warm in 
firing, are not to be wetted leſt the gun be in danger 
of ſplitting by checking the metal with cold water. 

Tux ingenious Mr. Robins, from ſome hints he 
gathered from a manuſcript lent him by the Right 
Honourable Lord Auſon, adviſes to leſſen conſiderably 
the common charges allowed to cannon in ſervice : 
For from thoſe papers it appeared that in ſervice, 
where 24 pounders have been uſed to batter in breach, 
the charge was only 8 pounds of powder : Indeed the 
velocity of the ball could not be quite ſo great with 
8 pounds of powder as with 12, and conſequently the 
ſhot would not be drove ſo far into the rampart, and 
the breach not made altogether ſo ſoon ; notwith- 
ſtanding which, the advantages attending the ſmaller 
charges, greatly overbalanced the difference of a few 
hours in making a ſufficient breach. 

I ſea ſervice it would perhaps be found of greater 
uſe to begin with one third of the weight of ſhot in 
1 powder, 


APPEND Ix. 157 


powder, and to diminiſh that to one fourth or one 
fifth as the gun waxed warm ; for by ſome experi- 
ments it has appeared, that ſuch ſmall chafges of 
powder has produced greater ravage in timber, than 
has been found with the uſual charges : From whence 
it may be reaſonably concluded, that if a ſhot has 
juſt force enough to go. through one fide of a ſhip, 
there will be a greater quantity of ſplinters rent out 
of the plank, and conſequently do more miſchiet, than 
if the ſhot went with a velocity ſufficient to drive it 
through both ſides of the ſhip. 


AR LICHE: AL 


Of the number of ſhot or ſhells in a finiſhed pile. 


Iron ſhot and ſhells are uſually piled up by horizon- 
tal courſes into a pyramidal form, the baſe being ei- 
ther an equilateral triangle, or a {quare ; or a rectan- 
gle; in the triangle and ſquare, the pile finiſhes in a 
{ingle ball; but in the rectangle, the finiſhing is a 
ſingle row of balls. 

| In the triangular and ſquare piles, the number of 
horizontal rows, or the number counted on one of 
the angles from the bottom to the top, 18 always equal 
to the number counted on one ſide, in the bottom row. 

In triangular piles, each horizontal courſe is a tri- 
angular number, produced by taking the ſucceſſive 
ſums of the numbers 1 and 2; 1, 2 and 3; 1, 2, 3 
and 4; 1, 2, 3, 4 and 5, &c. Thus. 

Numbers in order 12. 3.4.5 6 .. 7.3. 9 10,11, &c. 
Triangular numb. 1. 3. 6. 10. 15. 21. 28. 36. 45 55 . 66, Kc. 


Ax the number of ſhot in a triangular pile is the 
ſum of all the triangular numbers taken as far, or to 
as many terms, as the number in one ſide of the bot- 
tom courſe. — 


A rule to find the number of ſbot in a triangular pile. 


Count the number in the bottom row, and * 
that 
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that number more two by that number more one: 
Then the product multiplied by one ſixch of the ſaid 
number; the product will be the ſum of all the ſhot 
in the pile. 


Exam. I. How many ſhot are in a finiſhed triangular 
pile, in one ide of whoſe bottom courſe are 20 ſhot ? 


Now the number more two is 22; and the number 
more one is 21. 
 AnD 22X21 gives 462. 
—— 462 * =1540, the number of ſhot in that 
pile. 


Exam. II. Required the number of ſhot in a finiſhed 

2 there being in one ſide of the triangular baſe 40 
ot * 

Herz the number more two is 42; and the number 
more one is 41. 

AND 42X41 gives 1722. 

TEN 1722X N =11480 ſhot in that pile. 

Ix ſquare piles, each horizontal courſe is a ſquare 
number, produced by taking the ſquare of the number 
in its ſide. 

Number in the fide le#-3- 4+ 66. 7. 8. 9. 10, . 
Squares, or horiz. courſes 1. 4. 9. 16. 25. 36. 49. 64.81. 100, &c. 

Ax the number of ſhot in a ſquare pile is the ſum 
of all the ſquares, taken from one, as far as the num- 
ber in the ſides of the bottom courſe. 


A rule to find the number of ſhot in a ſquare pile. 


CovunrT the number in one ſide of the bottom courſe ; 
to that number add one, and to its double add one ; 
multiply the two ſums together ; then their product 
being multiplied by one ſixth of the ſaid number, the 


proquct will give the number of ſhot contained in that 
pile. 


Ex AM. 
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Exam. III. How many ſhot are in a ſquare finiſhed 
pile, one fide of its baſe containing 20 ſhot ? 

Here the number is 20. 

Tre number more one is 21; and its double, 
more one is 41. 

THe product of theſe numbers is 861 (=21X41) 

TEN 861x**=2870, the number of ſhot in that 
pile. | 


Exam. IV. Required the number of ſhot in a ſquare 


finiſhed pile, one fide of the lower courſe, or tier, having 


40 ſhot in it? 

HERE the number counted is 40. 

THrarT number more one is 41; its double, more 
one is 81, 

AxD 81x41==3321 the product. | 

THrerNn 3321x 22140 the number in that pile. 

From theſe examples it may be obſerved, that 
where room is wanted, *tis moſt convenient to have 
the ſhort ſtowed in triangular piles: For on the equi- 
lateral triangle, which is leſs than half the area of a 
ſquare on one of its ſides, there can be piled a greater 
number than half of what can be raiſed on the ſquare : 
Indeed the heightof a ſquare pile is ſomewhat lef than 


a triangular one, as a ſhot will ſink lower in the ſpace 


between 4 others, than in the ſpace between 3 others, 
all the ſhot being of equal diameter; they being ſo 
reckoned in every pile. 

In rectangular piles, each horizontal courſe is a rec- 
tangle, the upper one being one row of balls: Now 
every ſuch oblong pile may be conſidered as conſiſt- 
ing of two parts, one a ſquare pyramid, and the other 
a triangular priſm. | 


To find the number of ſhot in a reftangular pile. 


1ſt. TAKE the difference between the number in 
length and breadth in the bottom courſe, 


2d. 


— 
1 — ł᷑ ͤ — — 2 —ůꝛů— —2xTP 2 4 


*, . 


| 
4 
: 
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2d. MULTIPLY the number in breadth, more one, 
by half the breadth; the product multiplied by the 
= difference, will give the number in the priſmatic 
ile. . 

"ak Urox the ſquare of the breadth, find (by the 

laſt rule) the number in a pyramidal pile. 
4th. Thx the ſum of theſe two piles will ſhew the 

number in the rectangular pile. 

N. B. The number of horizontal courſes, or rows, is 
equal to the number in breadth at bottom: And 
the number leſs one, in the top row, is the diffe- 
rence between the number in length and breadth at 
bottom. 


Exam. V. How many ſhot are in a finiſhed pile of 20 
courſes, the number in the top row being 40 ? 


Here 39 is the difference between the length and 
breadth. 

AnD 20 is the breadth. 

Now 20+1=21; and 2X 20--1=41. 

THEN 21X4!X ** =2870, are the ſhot in the pyra- 
midal pile. | : 

Again. Tae breadth more one is 21; and 10 is 
the half breadth. t | 

AND 21X10=210. | 

Tux 210X 39=8190, are the ſhot in the priſma- 
tic pile. 

ConSEQUENTLY the ſum of 2870 and 8190, or 
11060 ſhot will be the number contained in that rec- 
tangular pile. 

Ir any of theſe piles are broken, by having the up- 
per part taken off, and the remaining number of ſhot 
are required ; it may be obtained by computing what 
the whole finiſhed pile would contain; and alſo what 

the pile wanting, or taken away contained; for then 
their difference will ſhew the number remaining. 

THE foregoing rules are thus expreſſed on the Cal- 
lipers. | 

NuMBER of ſhot or ſhcils in a pile. 

Let 
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Lr n=N' in an angular row fo va 
m Nꝰ leſs one in the top row or a Fe. 


THEN D+2X n+1X — Ne in a A 


AND n+1Xx 2n+1X 8 e' in a © Pile. 


A1s0 2n+14-3mx041XE e in ad 


In Examples I & III. The letter x ſtands for 20. 
Axp Examples II & IV. The letter x ſtands for 40. 
In Example V. The letter z ſtands for 20. 

| AnD the letter n ſtands for 39. 
TuükN 2n+1=2Xx20+1= 41. 


Anp 3m 22117. 
So 2n+1+3m 21368. 
ALs0 n+1 = 21. 
Anp — - == 

6 6 


— ——ůů—— n 20 
THEN 2n+1+3mxn-+ 1X D ZISOX21X— =1 1060. 


ARTICLE XI. 


Concerning the fall of beavy bodies. 


Wren heavy bodies are ſuffered to fall, it is well 
known they fall in lines perpendicular to the ſurface 
of the earth, 

Tux force with which any body in motion ſtrikes an 
obſtacle, depends on the weight of that body, and 
on the velocity or ſwiftneſs with which it moves. 

THvs a man by throwing, with the ſame ſtrength, 
a pound of iron and a pound of cork, will hit a much 
harder ſtroke with the iron than with the cork. 

Also a man and a- boy each throwing a pound of 
iron againſt the ſame object, the ſtroke given by the 
man will be ſtronger than that given by the boy, on 
account of the man's weight flying the ſwifteſt. 

M Tux 
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Tax ſame heavy body by falling from different 
heights, will ſtrike blows of different ſtrength, that 
being the ſtrongeſt where the height is greateſt, Con- 
ſequently heavy bodies by falling acquire velocities 
re and greater according to the length of their 
tall. | 

Tur three following propoſitions in falling bodies 
have been proved many ways. 


uſt. That the velocities acquired are directiy propor- 
tional to the times. 

2d. That the ſpaces fallen through are as the ſquares of 
the times, or as the ſquares of the velocities. 

3d. That a body moving uniformly with the velocity 
obtained by falling through any height, will fall twice 


as far in the ſame time it was paſſing through that 
height. | 


FxpeRIMENTS ſhew that heavy bodies fall about 
16 feet in one ſecond of time: Conſequently at the end 
of the firſt ſecond of time, a falling body has acquired 


a velocity that would carry it down 32 feet in the next 


ſecond of time. 

Trex from the foregoing three propoſitions may be 
derived the following rules. 

1ſt. THAT the ſquare root of the feet in the ſpace 
fallen through, will ever be equal to one eighth of the 
velocity acquired at the end of the fall. 

2d. THAT the ſquare root of the feet in the ſpace 


Fallen through, will ever be equal to four times the 


number of ſeconds of time the body has been falling. 
34. And that four times the number of ſeconds of 
time in which the body has been falling, is equal to 
one eighthof the velocity in feet per ſecond, acquired 
at the end of the fall. 
From theſe three rules moſt of the queſtions relative 
to the fall of bodies may be readily ſolved. 


As 
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As theſe rules cannot, for want of room, be put in 
words at length on the callipers, they are, on the face 
A of one of the legs, expreſſed in an algebraic manner. 
Thus, 


FALL OF BODIES, 


Lr s=ſpace run in feet. 
time in ſeconds, 
v velocity in feet per ſecond. 
TEN Vs = ATA v. 
Bop 1Es fall 16 feet in iſt ſec. 


Note. The character 7, ſignifies the ſquare root of 
the letter Joined to it. 


SOME USES, 


Exam. I. How many feet will a, bullet fall in 5 ſe. 
conds of time? 


HERE the time 1 235; 
Then 4T, makes 4 5 = 20. 
Now Vs = (AT =) 20. 
ANp s= (20X20=) 400. 


Exam. II. From what height muſt a bullet fall to ac- 
quire à velocity of 160 feet per ſecond ? 

Tur rule is Vs =. 

HRE v is 160 feet. 

Ax zv (+4==) 200. 

TEN s= (20 200 g) 400 feet. 


Exam, III. How long muſt a bullet be in falling to 
acquire a velocity of 160 feet per ſecond. 

Tux rule is 41 =. 

HRE v= 160 feet. 

AND v (A=) 20. 

So 4T=20, op 

THEN T= () 5 ſeconds of time. 


M 2 EXAM, 
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Ex. IV. How many ſeconds will it require for a hea- 
vy body to fall through a ſpace equal to 3375 yards ? 


Tux rule is 4T=vs5. 

THEREFORE TZ AVS. 

HRE s 3375 yards, or 10125 feet. 

AnD the ſquare root of 10125 is 100, 6. 

THEN 100, 6 divided by 4 gives 25,15. 

So that it will require 23“. 9“ of time for the bo- 
dy to fall through 3375 yards. 


ARTICLE u 


Rules for the raiſing of water. 


ExPERIMENTS have ſhewn, that taking horſes and 
men of a moderate ſtrength, one horſe will do as much 
work in railing of water, and ſuch like labour, as 
five men can. 

Ir has been alſo found, that one man in a minute, can 
raiſe a hogſhead of water 12 feet high upon a mean : 
For a ſtout man, well plied with 25 liquor, will 
raiſe a hogſhead of water 15 feet high in a minute: 
Now as the quantity of liquor equal to a hogſhead was 
raiſed to theſe heights only by way of experiment for a 
few minutes, ſuch numbers ought not. to be eſteemed 
as the common labour of a man who is to work 4 or 
5 hours on a ſtretch: But it may be reckoned, that 
of common labouring men, taken one with ano- 
ther, one of them will raiſe a hogſhead of water to 8 
feet in height in one minute, and work at that rate for 
ſome hours. 

IT is quite indifferent in what manner the man is 
ſuppoſed to apply his force; whether by carrying the 
water in manageable parcels up a ſtair caſe, or raiſ- 
ing it by means of ſome machine: For the advantages 
gained by uſing of engines ariſes chiefly from the eaſe 
with which the power can be applied. 


ON 
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Ox the face a of the callipers, are tne rules, thus 
denoted. 
To raiſe water. 


Tur power = men. 

Ok to 4p horſes 

Can raiſe to 8e feet high ;. 

THe quantity n, hhds. in T min. 

Or d, gallons in 60 T ſeconds. 

OR, HXF=PXSXT minutes. 

N. B. Cusic feet X 6, 127) gives gall, 

Here hogſheads are reckoned at 60 gallons, this 
eſtimate being nice enough for any computations on 
water engines. 

SOME USES. 


ExAup. I. How many hogsheads can fix horſes raiſe, 
by an engine, to 25 feet high in 3 hours? 


Now 6 horſes, at 5 men to a horſe, is equal to 30 
men. 0 
AND the time 3 hours is equal to 180 minutes, 
Tux height to be raiſed is 25 feet. 
THe general rule is HXF=PX8XT. 
HERE F=25; P=30; T==180. 
AnD E is required. 
PX8XT 


THEN 2 
F 


Or n= elde) 728 hogſheads. 
5 
Hence this rule. MuLTipLy eight times the power 
by the time, the product divided by the height, gives 
the hogſheads. 


Exaup. II. 1: is propoſed to throw out of a pond, 
by an engine, 432 tuns of water in 3 hours by ſix horſes ; 
to what heighth can the water be raiſed ? 


M 3 As 
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As 4 Hhds make one tun; ſo 432 tuns make 
1728 Hhds. 

AND 3 hours, or 180 minutes 1s the time. 

Ar so the power of fix horſes, is equal to that of 
30 men. 

TE general rule is KXF=PpxX8XT. 

HERE H=1728; P=30; T=180. 

AnD y is required. 


THEN F= PXSIXT 
H 
Os. r= ( 5 N feet high. 


Hence this rule. MuLT1eLy eight times the power 
by the time; the product divided by the hogſheads, 
gives the height in feet. | 


Examy. III. How long will it require ſix horſes to 
raiſe with an engine 1728 hogſheads of water to the height 


of 25 feet? 
Now the power 6 horſes, is equal to that of 30 
men. 
Tux hogſheads to be raiſed are 1728. 
THe height raiſed to is 23 feet. 
Tux general rule is HX Sr. 
HERE H=1728 3 F=25; P30. 
 AwD v is required. | 


Tux T= 2 

P 
this pe 172325 — \ 180 minutes, or 3 
| ot 308 hours. 


Hence this rule. MuLTieLy the hogſheads, by the 
height in feet ; the product divided by 8 times, the 
power will give the time in minutes, | 


2 ExA Mp. 
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Exame, IV. How many horſes will it require to work 
an engine, to raiſe 1728 bogſbeads to the height of 25 
feet, in 3 hours ? 

Now the hogſheads to be raiſed are 1728. 

Tx height to be raiſed is 25; feet. 

Tux time to be done in is 3 hours, or 180 minutes. 
Tu general rule is HXF=PX8XT. 

HERE H= 1728; F=25 3 T=180, 

AND Þ is required. 


Tarn p= = 
| 8XT 
On 'r= = = 30 men, or 6 horſes. 
- 


Hence this rule, MuLTieLyY the number of hogſ. 
heads, by the height in feet; the product divided by 
8 times the number of minutes, gives the number o 


men. 
ARKRTHTCEE:'XIF. 


Of the ſhooting in cannon and mortars. 


IT has been proved by many writers, that the flight 
of ſhot, or the track they deſcribe in the air, is a curve 
line called a parabola : But then they ſuppoſe that 
the reſiſtance made by the air is ſo inconſiderable as 
ſcarcely to affect the motion of heavy bodies. 

Upox this ſuppoſition then, which is very far from 
being true; there have been collected the following 


obſervations and rules. 


I. ALL bodies projected by any force; are urged with . 
two motions, VIZ. one in the direction of the power 
exerted by the engine, and the other in a perpendi- 
cular direction to the earth, by the force of gra- 

vity; and the track or path deſcribed by the body 
with theſe two forces is a curve called the * 
M 4 , 
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II. Tux axis of the curve will be at right angles to the 
horizon; and the part in which the body de- 
ſcends will be alike to that in which it aſcended. 

III. If the point to which the body arrives in its de- 
ſcent, be on the ſame level with the point from 
which it was projected, thoſe points are equally 

diſtant from the vertex, or higheſt point of the 
curve. 

IV. Ir a body be projected oblique to the horizon, it 
will fall there again in the ſame obliquity, and 
with the ſame velocity it was projected withal. 

V. Tur horizontal ranges of equal bodies, when pro- 
jected with the ſame velocity, at different eleva- 
tions, will be in proportion to one another; as 
the right ſines of twice the angles of elevation. 

VI. Auos equal bodies, projected with equal velo- 
cities, the heights to which they will riſe in the 
air, are in the ſame proportion to one another as 
the verſed ſines of twice the angles of elevation. 

VII. Wu equal bodies are projected with equal ve- 
locities, the times of their continuance in the air 
will be in proportion to one another as the right 
ſines of the angles of elevation. 

VIII. In the ſame piece, different charges of equally 
good gunpowder will produce velocities, nearly 
in the ſame proportion as the ſquare roots of the 

| weights of the charges. 

IX. Ir equal bodies be projected at the ſame elevation, 
but with different velocities, the horizontal ranges 
will be in proportion to one another, as the ſquares 
of the velocities given to the ſhot, or as the 
weights of the charges of powder nearly, 

X. Tae greateſt horizontal range is double to the 
height from which the body ſhould fall ro ac- 

quire that force or velocity which would project 
it to that horizontal range. 

XI. Tux greateſt horizontal range, or diſtance to 
which a body can be thrown, will be _— 

when 
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when it is projected at an angle of 45 degrees of 
elevation. 

XII. Taz greateſt height to which a projected body 
can riſe, at an elevation of 45 degrees, is equal 
to one fourth part of its horizontal range. 

XIII. To hit an object that lies above or below the 
horizon of the piece, the beſt elevation, is equal 
to the complement of half the angular diſtance 
between the object and the zenith. 

XIV. Ar elevations equally diſtant from 45 degrees, 


both above and below it, the horizontal ranges - 


will be equal. 

XV. Tre time which a heavy body, projected at an 
ele va: ion of 45 degrees, will continue in the air, 
before it arrives at the horizon, will be equal to 
the time that body would take to deſcend, by the 


force of gravity, through a ſpace equal to the 
horizontal range. 


Ir has been found that a 24 pounder at an elevation 
of 45 degrees, and charged with 16 pound of powder, 


has ranged its ſhot upon the horizontal plane about 


6750 yards. 

THEREFORE 3375 1s the impetus, or perpendicular 
ſpace which a 2 4 pounder muſt fall through to acquire 
ſuch a velocity, as, at an elevation of 45 degrees, 
would project or throw that ſhot on the horizon to the 
diſtance of 6750 yards, 

Now a heavy body falling by the force of gravity 
through a ſpace equal to 3375 yards or 10125 feet, 
will, at the end of the fall, acquire a velocity of *04,8 
or about 805 feet per ſecond (as ſhewn at Art. XII.) 

Ax to fall through a ſpace of 805 feet, it would 
require 25”. 9“ of time. | 

Tux chief of the above principles are ſhortly ex- 


preſſed on the face s of the callipets in the following 
manner. 


RULES 
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RULES FOR SHOOTING, 


Hor. ranges, as right TR 
Hei ee Pal of 


Time in air, as right ſines of 

* 3 F Hor. range, at 45 deg. of elevation. 
IN aſcents or deſcents, for the beſt elevation. 

Tak the complement of + the angular diſtance 
from object to zenith. 

To apply theſe rules to the practice of ſhooting, it is 
to be cod that the gunner ſhould make an ex- 
periment with every gun he has the care of at ſome ele- 
vation, ſuppoſe at 45 degrees, and with the uſual 
charge of powder, and then knowing how far the piece 
has ranged the ſhot on the horizontal plane; he may 
apply the reſult of thoſe experiments to other eleva- 
tions and quantities of powder. 


_ Exam. I. Suppoſe the greateſt horizontal range to be 
6750 yards : How far will the ſame piece, and with an 
equal charge of powder, range a ſhot at an elevation of 
25 degrees? 
Wirn equal charges the horizontal ranges are as the 
right ſines of twice the angles of elevation. 
THrxn, As radius, or the ſine of twice 4.5* 
Is to the ſine of go, or the fine of twice 25*, 
So 1s the greateſt horizontal range 6750 yds 
To the horizontal range required. 5170 yds. 
Tnar is, The extent on the line of ſines from 9o® 


to 30˙. | 
Will on the line of numbers reach from 

6750 to 5170. : 
Examy. II. The preateſt horizontal range of 4 24 
pounder being 6750 yards : To what beight will that ſhot 
riſe at an elevation of 25 degrees? | 


AT 
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Ar an elevation of 45%, the ſhot will riſe 16872 
yards,=+ of 6750, 
Ax the heights are as the verſed ſines of twice the 
angles of elevation. 
T HEN, As the verſed fine of go degres, or of twice 459. 
Is to the verſed line of 50 degrees, or of twice 252. 
So is the height of an elevation of 45˙ viz. 16873. 
To the height at an elevation of 25*. 602,8 yards. 
Tux logarithm verfed fines on the callipers are the 
ſupplements of the real verſed fines ; therefore in the 
uſing of this line the ſupplements of the double angles 
are to be uſed. | 
THEN the extent from the verſed fine of go? to the 
verſed fine of 130* (the ſupp lement of £0®) will on 
the line of numbers reach from 16874 to 603. 
Or thus. TAKE 12922 of 5170, the horizontal 
range on an elevation of 25“. 
THen. The extent on the log, tangents from ra- 
dius to 252%, will on the line of numbers reach from 
12924 to about 603 yards. 


Exame. III. At an elevation of 25 degrees, how ma- 


ny ſeconds will a 24 pounder continue in the air before it 
arrives at the horizon * 


AT 45 elevation the ſhot takes 35% ſeconds in the 
nie ® 


And the times in air are as the right ſines of the ele- 
vations. 
Tux As the (ine of the elevation 45 degrees 
Is to the ſine of the elevation 25 degrees 
So is the time in air at 45*, viz. 355 ſeconds 
To the time in air at 25?, viz. 21, ſeconds. 
Or the line of log. ſines take the extent from 45 
degrees to 25 degrees; then will this extent, applied 
to the ſcale of log. numbers, reach from 35% to 21 
ſeconds. 


* This time of 35+ ſeconds is derived from Rule XV. 
Then working by the rules belonging to article XII. it will 
be found that a heavy body will require 35: ſeconds to fall 
through the ſpace of 6750 yards, Arp 
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Anp hence may be eſtimated the lengths of fuſes 
proper for ſhells to be fired at given elevations and 
ranges. 


Exaur. IV. Required the elevation neceſſary to ſtrite 
an object on the horizon at 5170 yards diſtance, the great- 
eſt random of that piece bei, g 6750 yards? 

SAY. As the greateſt random, 6750 yards 

To a propoſed random, 5170 yards, 
So is radius, or twice the ſine of 45 degrees, 
To double the elevation required, viz. 50 deg. 

Tux half of which, or 25 degrees, is the elevation 
neceſſary to be given to the piece. | 

THrts elevation is called the lower one. 

And the upper elevation, is at 65 degrees. 

For 25 degrees and 65 degrees are equally diſtant 
from 45 degrees. 


Examy. V. At an elevation of 45 degrees, 16 th. of 
" powder will throw a 24 pounder 6750 yards: How much 
powder will throw the ſame ſhot 5170 yards at the ſame 
elevation ? 3 
By rule IX. Taz charges of powder are nearly as 
the horizontal ranges. 
Tux As the horizontal range 6750 
To the horizontal range 5170, 
So is the given charge 16H. 
To the required charge 12, 26 15. 
Tunis proportion may be accurately enough worked 
by the line of numbers. ; 
For the extent from 6750 to 51750, will reach from 
16 to 124. 


Exaup. VI. At an elevation of 25 degrees, a 24 
Pounder was ranged on the horizon 5170 yards : Re- 
guired the impetus that would have given an equal velo- 
city to that ſhot ? | 

 Wiru an equal charge of powder uſed at 45 9 
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of elevation, as was uſed at 25 degrees, the ſhot would 
have the greateſt horizontal range. 


Anp with equal charges in the ſame piece, the im- 

tus is the ſame at any elevation. 

ConsSEQUENTLY, to ſolve this queſtion nothin 
more is required than to find the greateſt horizontal 
range, which is double to the impetus. 

Tux from rule V, by inverſion. 

As the ſine of 50 deg. twice the given elevation, 

Is to radius, or the fine of twice 459, 

So is the given horizontal range 5170 

To the greateſt horizontal range 6750, 

THe half, or 3375 is the impetus required. | 

THaT is, the extent on the line of fines from goto go? 

WILL on the line of numb reach from 3170 to 6750. 


Examy. VII. Suppoſe the horizontal range of a piece 
to be 6750 yards : Required the angle of elevation proper 
to ſtrike an object 12* above the level of the piece, the ho- 
rizontal diſtance of that objeft being 4680 yards ? 

Sav, As the greateſt horizontal range 6750 
Is to the given horizontal diſtance 4680 
So is the coſine of the object's elevation 48* 00”, 
To another ſine — — 42 42. 


Tnus, the extent on the line of numbers from 6750 
to 4680 


Wirx on the line of log. fines reach from 780 to a- 
bout 424. 
Now on the natural ſines, take the extent of 422 deg. 
Ta this extent applied from the natural fine of 
the elevation 1 2* 


Wirr give the natural ſine of about 62 degrees, 
whole coſine is about 27%. 


Ox rather 27%. 37. its half is 135. 487. | 
Tae ſum of 90? and the given elevation 12 is 1023 
the half is 519. 


THEN the ſum of theſe halves (51%+1 3%.48'=) 64 
48”, is the greater elevation. 


AND 


—_ 


md 
— 
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AnD the difference of theſe halves (51*—1 3*. 48=) 
$7*. 12/, is the leſſer elevation. 

So that the piece pointed at either of theſe elevations, 
with the charge of powder that gave the horizontal 
range, the object will be ſtruck. 

Bur in all ſhooting on aſcents or deſcents, it is beft 
to take the angle between the object and zenith, and 
get the complement of the half of that angle; then 
the piece being elevated to that complement, find by 
trials what charge will reach the object: For on this 
elevation, a leſs charge of powder will do the buſineſs 
than on any other elevation. 

So in the foregoing example the diſtance of the ob- 


ject from the zenith is 78˙, 


Tux half of 78 is 39, and the complement of 39 is 


51?, for the beſt elevation. 


ARTICLE XV. 


Of the line of inches. 
Tris line, the uſe of which is well known, 1s placed 


on the edge of the callipers, or on the ſtrait borders of 
the faces c, o. 


ARTICLE XVI. 
Of the logarithmic ſcales of numbers, fines, verſed ſines 


| and tangents. | 

THresz ſcales are _— along the faces c, Þ of the 
callipers, near the ſtrait edges, and are marked and 
numbered as is ſhewn in ſection X ; ſome of the uſes 
of theſe ſcales are alſo ſhewn in the XV and following 


ſeclions. 


A R- 


APPENDIX. 175 


ARTICLE XVII. 


Of the line of lines. 


Taz line of lines is placed on the callipers on the 
faces c, p, in an angular poſition, tending towards 
the centre of the inſtrument ; its conſtruction and uſes 
are the ſame as deſcribed in treating of the ſector; the 


reader will find ſufficient inſtructions in the ſections 
XI and XII. | 


ARTICLE XVIII. 
Of the lines of plans or ſuperficies. 


THassE lines lie on the faces c, p, of the callipers, and 
like the line of lines tend towards the centre of the in- 
ſtrument: They are marked near the ends of the cal- 
lipers with the word Plan, and have the figures 10, , 
8, 7, 6, 5, 4, 3, 2, 1, 1, running towards the centre: 
Each of theſe primary diviſions is ſubdivided into ten 
parts; and each of the ſubdiviſions is alſo divided 
into two, or more parts, according to the length of 
the callipers. 

Tusk diviſions reckoned from the centre along ei- 

ther leg, are as the ſquare roots of all the whole num- 
bers under 100; and alſo, of the half numbers: That 
is, the diſtance from the centre to the firſt 1, is as the 
ſquare root of 1: From the centre to the next diviſion 
is as the ſquare root of 12: To the next as 2, the next 
as 24, the next as 3, &c. 
Av the diſtance from the centre to the ſecond 1, is 
as the ſquare root of 10; from the centre to the next 
diviſion is as the ſquare root of 104; to the next as 
11; to the next as 112, &c, So that the diſtances 
from the centre to 2, to 3, to 4, and ſo on to 10, are as 
the ſquare roots of 20, 30, 40, and ſo on to 100; and 
the intermediate diviſions and ſubdiviſions are eſti- 
mated as before ſhewn between 1 and 10. 


Tris 
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Tus line is eaſily conſtructed from a table of the 

ſquare roots of all the units and half units under 100; 
together with a ſcale of the intended length of the line 
of plans, divided into 500 or 1000 equal parts; and 
ſuch a ſcale is the line of lines. 
In the followng ſolutions, the lengths of lines are 
ſuppoſed to be taken between the points of a pair of 
compaſſes: And when the callipers are ſaid to be open- 
ed to any line; it means, to the diſtance of the points 
of the compaſs between which that line was taken ; 
the points being applied tranſverſely to the legs of the 
callipers, as ſhewn for the ſector at ſection XII. 


SOME USES OF THE SCALES OF PLANS, 


_ Exam. I. To find the ſquare root of a given number. 


1/t. ON the line of plans ſeek the diviſion repreſent- 
ing the given number: Obſerving, that numbers of 
an odd number of places are beſt found between the 
diviſions 1 and 1; and thoſe of an even number of 
Places, betweenthe 2d 1 and the 10 at the end. 

2d. TAKE, with the compaſſes, the diſtance between 
that diviſion and the centre of the callipers ; and this 
extent being applied, from the centre laterally along 
the line of lines, will give the ſquare root of the num- 


ber propoſed. 
T avs the ſquare root of 9 is 3 
| of goo is 30 
of 90000 is 300 
&c. &c. | 


Tus given numbers being reckoned between the tw 


diviſions marked 1 and 1. 


AGAIN the ſquare root of 36 is 6 
of 360 is 18,9 
of 3600 is 60 


— 


of 36000 is 189, 7. 
- IF the integer places in the given number are even, 


the root will conſiſt of half as many places: But if the 


number 
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number of integers be odd, increaſe it by one, and 


the integer places in the root will be half that num- 
ber of places. | 
Tuus numbers of two, four, ſix, eight integer places, 
will have roots conſiſting of one, two, three, four, &c. 
places: And numbers conſiſting of one, three, five, 
ke places, have roots of one, two, three, &c. places. 


Exa Mur. II. Between two given numbers ( ſuppoſe 4 
and 9) to find a mean proportional. Fs 


if. Take the greater of the given numbers (q) la- 
terally from the line of lines, and make this extent a 
tranſverſe diſtance to ( 9 and ) the ſame number an 
the lines of plans. 

2d. TaxkE the tranſverſe diſtance between (4 and 4) 
the leſſer given number on the lines of plans, and this 
extent applied laterally on the line of lines, will give 
(6 for) the mean proportional ſought. 

4: 0 

By this example it is eaſy to ſee how to find the 
ſide of a ſquare equal to a ſuperficies whoſe length and 
breadth are given. 


ExamP. III. Two fmilar, or like, ſuperficies being 
given; to find what proportion they have to one another. 


1}. Tak one ſide of the greater ern between 
the points of the compaſſes, and make this extent a 
tranſverſe diſtance on the line of plans between 10 
and 10; or 100 and 100: or on any other number. 

2d. APPLY a like fide of the leſs ſuperficies tranſ- 
verſely to the line of plans, and the diviſions it falls 
on will ſhew the number, that to the former number 
(taken tranſverſely for the ſide of the greater ſuper- 
ficies) bears the ſame proportion of the leſſer ſuperfi- 
cies to the greater. 

Tris propoſition may be wrought laterally on either 
of the legs, reckoning trom the centre : For like fides 
of ſimilar plans being laid from the centre on either 

N leg, 
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leg, will give numbers ſhewing the proportion of 
thoſe plans. 


Exane. IV. To find the ſides, or other lines, of a ſu- 
perficies a, which ſhall be ſimilar to a given ſuperficies ;, 
and in a given proportion to B, ſuppoſe as 3 to 7 ? 


1. To the ſcales of plans, apply tranſverſely, any 
given line of B to the conſequent of the given ratio, as 
from 7 to 7. 

2d. Take the tranſverſe diſtance, on the plans, of 
the given antecedent, as from 3 to 3, and this extent 
will be a like line of the figure 4. 

3d, As many lines being thus found as is neceſſary, 
the figure a may be conſtructed. 


Examy. V. To find the ſides, or other lines, of a ſu- 
perficies D, which ſhall be like to either of two given 
plane figures a and B; and alſo be equal to the ſum or dif- 
ference of à and B. 


1ſt. Fixp (by Ex. 3.) two numbers expreſſing the 
roportion of the given figures 4 and B ; and take the 
um and difference of WE bs 

SUPPOSE the proportion of A to B, to be as 3 to 7, 

Turi ſum is 10, and their difference is 4. 

THex if vo is to be like 4. 

For the ſum, it will be 3: 10: : A: v. 

Fox the diff. it will be 3: 4: : A: p. 

Bur if Þ is to be like B. 

T'rEN, for the ſum, it will be 7: 10: : B: v. 

AnD for the diff. it will be ; B 

2d. Find (by Ex. 4.) the ſides of a ſuperficies p, 
ſimilar to a, ſo that a may be to p as 3 to 10 for the 
ſum, or as 3 to four for the difference; or if like to B, 
ſo that B may be to p as 7 to 10 for the ſum, or as 7 
to 4 for the difference. 

AND thus, a ſufficient number of lines being found 
the figure o may be conſtructed, 


27 EXAM. 
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Ex Ap. VI. Three numbers being given 10 1 a fourth 
in a duplicate propertion : Or, the like fides a, b, of two 


ſimilar figures a, B, being known, and alſo the area a, of 
one, to find the area B, of the other, 


On the ſcale of plans, take the given ſuperficies 4 
laterally ; and on the ſcale of lines, apply this diſtance 
tranſverſely to the given fide a of that ſuperficies: Take 
the tranſverſe diſtance of the given ſide þ of the other 
ſuperficies, from the ſcale of lines; then this diſtance 


applied laterally on the ſcale of plans, will ſhew the 
area of B, 


Tnus. If 40 poles be the fide of a ſquare whoſe area 


is 10 acres ;, what is the area of that ſquare whoſe ſide is 
60 poles ? 


TakE the lateral diſtance 10 on the ſcale of plans ; ; 
apply this diſtance tranſverſely to 40 and 40 on the 
line of lines: Then the tranſverſe diſtance of 60 and 
60 on the lines, applied laterally to the ſcale of Plans, 
will give 22+ acres the area required. 


AGAIN. How many acres of woodland meaſure, of 
18 feet to the pole, is in that field which contains 288 
acres, at 162 feet to the pole? 


APPLY the lateral diſtance of 288, taken 1 the 
ſcale of plans, to the line of lines, tranſverſely from 18 
to 18; then the tranſverſe diſtance of 162 and 164 on 


the lines, will, on the ſcale of plans, give 242 the area 
in woodland acres. of 


Exaup. VII. To open the callipers, ſo that the lines of 
plans make with one another a right angle? 


Ow the line of plans take the lateral extent of any 
number thereon. 
Tux fer the callipers ſo, that this extent ſhall be a 
tranſverſe diſtance to the halves of the former —_ 
N 2 an 


= — ͤ—— — — — — 
— 
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and the lines of plans will then ſtand at right angles to 
one another. | | 

_ Tnvs: The lateral extent of 60 on the plans, put 
tranſverſely to 30 and 30 on the plans, will ſet thoſe 
lines at right angles to one another. 


'ARTICLE XX. 


Oy the line of ſolids. 


THrzss lines are laid on the faces of o, c, of calli- 
pers, like ſectoral lines tending to the centre, and are 
diſtinguiſhed by the letters sol placed at their ends. 

THERE are twelve primary diviſions on theſe lines 
marked 1, 1, 1, 2, 3, 4, 5, 0,7,8, 9, 10; each of the eleven 
ſpaces or intervals is divided into ten other parts; and 
each of theſe parts is divided into two or more parts, 
according to 12 length of the inſtrument. 

- Tuazse diviſions are beſt taken from a ſcale of equal 

, ſuch as the line of lines, and thence transferred 
to the ſcales of ſolids, reckoning from the centre; 
from whence the ſeveral diſtances'of the diviſions are, 
as the cube roots of ſuch numbers under 100 as are in- 
tended to be introduced. | 

Tus, the diſtance of the firſt 1 from the centre 
is as the cube root of , and the greater diviſions 
following to the ſecond 1, expreſs the cube roots of , 
+, i, &C. to the number 1, which the ſecond 1 
ſtands for; and if theſe ſpaces are ſubdivided, their 
diſtances from the centre are as the cube roots of , 
bo Toes 199 &c. 

Tux diſtance from the centre to the ſecond 1 is as 
the cube root of 1, and the greater diviſions between the 
ſecond 1 and the third 1, are as the cube roots of the 
whole numbers 2, 3, 4, 5, 6, 7, 8, 9; the interme- 


_ diate ſmaller divifions are as the cube roots of the 


mixed numbers to which they belong: Thus if the 
ſpace between the diviſions repreſenting the roots of 1 
and 2 is parted into 4 then thoſe ſubdiviſions will be 
* W 7 as 


+ : 
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as the cube roots of 1 Fe, I Pe, 1 es; and the 


like for other ſubdiviſions. 

Tux diſtance between the centre and the third 1 is 
as the cube root of 10; and ſo the following diviſions 
marked with 2, 3, 4, &c, to 10, are as the cube roots 
of 20, 30, 40, &c. to 100: each of theſe ſpaces are 
divided into 10 parts, which are as the cube roots of 
the intermediate whole numbers ; and if theſe ſubdi- 
viſions are again divided, theſe latter diviſions will be 
as the cube roots of the mixed numbers to which they 
belong. E 

On the French inſtruments, the diviſions of this 
line is uſually extended to 64 ; and conſequently only 
the cube roots of all the integer numbers under 64 are 
thereon expreſſed : Now whether the diviſions proceed 
only to 64 or to 100, the beſt way of laying them 
down is from a table of cube roots ready computed, 
reckoning the length of the greateſt root, or the length 
of the ſcale of ſolids, to be equal to the length of the 
line of lines, taken from the centre. 


. of m. ̃ Ä re ee rr 
8 9 


15 Ns Are, 0,404. 0,585. 0,669. 0,737. 0,794. 
0,843. 0,888. 0,928. 0,965. | 

Tux following table contains the cube roots of all 
the whole numbers from 1 to 100. | 


N 3 TABLE 


. 
U 


CC CTC CG" CR LO TITS — 
2 ” 
A a — 


[ 12 12,285 3-175] 52 [3,722] 72 [416c| 92 
13 [2,351 3-207] 53 [3,750] 73 [4-179] 93 

| 114 [2,41 3,2400 54 |3,78c| 74 [4,198] 94 

| 425 2,466 35 P2712] 55 13-803 75 [4217] 95 
| Eee [p.302] 5 13-826] 76 14,236] 96 
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TABLE of cube numbers and their roots. 


| A ne Cubes 
b — — 


Koots Ten dd Tubes Noos — 


1,000] 21 fz, 7 50 41 [3,448] 61 [3,936] 81 
1, 2600 22 [2,802] 42 [3,476] 62 13,958] 82 
1,442] 23 fz, 844] 43 [3-593] 63 [3-979] 83 
11,587] 24 [2,884] 44 [:,530] 64 [4-000] 84 
| 2c E, 92 þ 65 [4,021] 85 
> [2.962] 46 3585 66 [4,041] 86 
1,913] 27 13-000] 47 [3,609] 67 14,061] 87 


2 Own 13 1% 
WI 
O 
8 


_ 
w 
o& 
CROP 
_ 
td 
on 


1 3 [2,000] 28 $3,036] 48 [3,634] 68 [4,082] 38 
49 [-* 13972] 49 [3-059] 69 [4,102] 89 
to [2,15 3,107] 50 [3,684] 70 [4,121] 90 


11 [2,224 3-141] 51 13,708 71 [4141] 91 


117 [22571] 37 Þ»>332] 57 13-848| 77 [4-254] 97 
18 [2,021] 38 $3,302] 58 [3,871] 78 [4,273] 98 [4,01 
19 [2,668 39 6˙39 J 59 13-393] 79 [4-291] 99 4.620 
| | 20 [2,714 40 [3,4201 60 13,915! 80 4, zocl ioo 46421 | 


— 


Tux numbers in the foregoing table may be laid on 
the line of ſolids in the following manner. 

MaxE the length of the line of ſolids equal to the 
length of the line of lines, apply this extent tranſ- 
verſely to 4,642 on the line of lines; then the other 

numbers in the table taken tranſverſely from the line 


of lines, are to be laid laterally, from the centre, on 
the line of ſolids. 


Some uſes of the lines of ſolids. 


Exaup. I. Tofind the cube root of a given number. 


SEEK the given number on the line of ſolids, and 
take its extent from the centre. 


Tae this extent applied laterally to the line of lines 
will give the cube root fought, 1 


nes 


"If 
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Ir ſhould be remarked, that a given number of 


of 1, 2 or 3 places, has a root of one place. 
of 4, 5 or 6 places, has a root of two places. 
of 7, 8 or 9 places, has a root of three places. 

AnD when a given number is ſought for on the line 
of ſolids, 

Tux primary diviſions from 1 to 10 may be reckon- 
ed either as ſo many hundreds, or as ſo many hun- 
dred thouſands, or as ſo many hundred millions. 

Tuus the diviſion marked g may either repreſent 
300, Or 500000, or 5000000C0O. | 

AnD the like of the other primary diviſions and their 
intermediates. 

AnD hence the diviſions between the centre and the 
firſt of the primary ones, are to be eſtimated for num- 
bers of one, two, 1our, five, ſeven and eight places. 


ExampP. II. To a number given, to find another in a 
triplicate ratio of two given numbers, | 


Tnus. Suppoſe aſhot of 4 inches diameter to weigh 
gt ; required the weight of that ſhot which is 8 inches 
in diameter? 


HRE a number is to be found, that to 9 ſhall be 


in the triplicate ratio of 4 to 8. 


THAT is, as the cube of 4 is to the cube of 8, ſo is 
9 to the number ſought. 

Now from any ſcale of equal parts, ſuppoſe inches, 
take 4; and make it a tranſverſe diſtance to 9 and 9 
on the line of ſolids (reckoning the 10 at the end, as 
100) : Then will the extent of 8 inches, applied 
tranſverſely to the line of ſolids, give 72 for the num- 


ber ſought, which is the pounds weight of a ſhot of 8 
inches diameter. 


AGAIN. 
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Acain. Suppoſe a ſhip of 2000 tons burthen is 144 
feet 6 inches on the keel, and 51 feet by the beam: Re- 
- quired the length and breadth 7 another ſimilar ſhip that 
Hall be of 1415 tons burthen 


From any ſcale of equal parts take 1442 and 
make this extent a tranſverſe diſtance to 2000 on the 
line of ſolids; then will the tranſverſe diſtance of 
1415 taken on the line of ſolids give the length of the 
keel, which applied to the ſaid ſcale of equal parts 
will give about 1282 feet. 

Also the extent in equal parts of 31 being made a 
tranſverſe diſtance to 2000 on the lines of ſolids ; then 
the tranſverſe diſtance on the ſolids of 1415 will give 
in equal parts 467 feet for the breadth by the beam. 


_ Exam. III. Between two given numbers or lines to 
find two mean proportionals. 


ff. From any ſcale of equal parts take the meaſure 
of the greateſt of the given lines or numbers, and ap- 
Ply this extent tranſverſely to that number on the line 
of ſolids ; then the tranſverſe extent on the ſolids, of 
the leaſt of the given numbers, being taken, will be 
the greater of the required means, whoſe meaſure will 
be found on the ſaid ſcale of equal parts. 
224. Mak the extent of the greater mean, a tranſ- 
| verſe diſtance to the greater of the given numbers, 
on the line of ſolids; then the tranſverſe diſtance of the 
leſſer of the given numbers, taken from the line of 
ſolids, will give the leſſer of the required means. 


Suppoſe two mean proportionals were required between 
9 and 414. | 

Tux lateral extent of 414, taken from the line of 
lines, apply tranſverſely to 414 and 414 on the line of 
ſolids ; then the tranſverſe extent of q and 9g taken on 
the ſolids, and applied laterally to the line of lines will 


give 25 for the greater of the two means. 
APPLY 
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Appl v the ſaid extent of 25 tranſverſely to 414 and 
413 on the line of ſolids; then the tranſverſe extent on 
the ſolids from 9g to 9 applied laterally to the line of 
lines, will give 15 for the leſſer mean. 

For 9, 15, 25 and 41+ are in continual propor- 
tion. 


Examp. IV. To find the fide of a cube equal to a 
parallelopipedon whoſe length, breadth and depth are 
given. | 

I/. BETwW EEx the breadth and depth find a mean 
proportional by Ex. 2. Art. 18. * 

2d. Find the meaſure of the mean proportional 
on the line of lines, and apply it to the lines of ſolids 
tranſverſely, at the numbers expreſſing that meaſure: 
Then the tranſverſe extent of the length being taken 
from the line of ſolids and applied laterally to the 
line of lines, will give the ſide of a cube equal to that 


parallelopipedon. 


* Tavs, Suppoſe a parallelopipedon, whoſe length is 72, 
breadth 64, and depth 24. 

Tux number 64 taken laterally from the line of 
lines and applied tranſverſely to 64 and 64 on the 
line of plans; then the tranſverſe diſtance of 24 and 
24 on the plans meaſured laterally on the line of lines 
gives about 39,2 for the mean proportional. 

APPLY the extent of the mean proportional, to 39,2 
tranſverſely on the line of ſolids; then the tranſverſe 
extent of 72 and 72 on the ſolids, being applied to the 
line of lines laterally, will give 48 for the ſide of the 
cube equal in lolidity to the given parallelopipedon. 

For 48x48X48=24X64X72=110592, 


Exame. V. Tio ſimilar ſolids a and B being given, 
to find their ratio. 


1/. Take any ſide of the ſolid a, and apply it 
tranſverſely 
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tranſverſely on the line of ſolids from 10 to 10, or from 
any other number to its oppoſite. 

24. APPLY the like fide of the ſolid ; travſverſely 
to the lines of ſolids, and obſerve the number it falls 
on: Then will the numbers on which thoſe tranſverſe 
extents fall, ſhew the ratio of the ſolids a and B. 


 Examye. VI. A ſolid a being given to find the dimen- 
frons of a fimilar ſolid 3, that to a Hall have any alfigned 
ratio. 
1. Ox the line of ſolids ſeek two numbers ex- 
preſſing the terms of the given ratio. 
„ Tax the extent of one ſide of the given ſolid 
A, and apply it tranſverſely on the lines of ſolids to the 
antecedent of that given ratio; then the tranſverſe ex- 


tent of the conſequent taken on the lines of ſolids will 
be a like ſide of the folid B. 


Tus. To find the fide of a cube B, double to a given 
cube A. 

HxꝝRE the ratio is as 1 to 2. 

APPLY the fide of the cube a to hs lines of ſolids 
tranſverſely from 1 to 1 ; that is from 10 to 10; then 
will the tranſverſe diſtance of the numbers 2 and 2 or 
20 and 20 ſhew the ſide of the cube 3. 


A Alx. To find the Aue of a ſphere B, that to 
the ſphere a, whoſe diameter is given, ſhall be in the ra- 
tio of 3 to 2. 

Maxx the diameter of the ſphere a a tranſverſe di- 
ſtance to2 and 2 on the lines of ſolids ; then will the 


tranſverſe diſtance of 3 and 3 on the line of ſolids be 
the diameter of the ſphere B. 


Exa up. VII. Any number of unzqua! ſimilar ſolids 
being given; to find the fide of a ſimilar ſolid equal in mag- 
nitude to the ſum of the magnitudes of the given ſolids. 


Tak, in equal parts, a number expreſſing the ** 
0 
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of one of the given ſolids, and apply this extent to the 
line of folids tranſverſely, to any number (ſuppoſe 10 
at the 3d 1). ; Ar 

Also take in the ſame equal parts, the numbers 
ſhewing the ſimilar ſides of the other ſolids, and apply 
theſe extents to the lines of ſolids tranſverſely, noting 
the numbers they fall on. | | 36191 

THEN will the tranſverſe extent on the line of ſolids 
of a number equal to the ſum of the noted numbers, 
be the like ſide of the ſimilar ſolid required, which 
applied to the ſame ſcale of equal parts the others were 
taken from will give the meaſure of that ſidle. 


Travs. What will be the diameter of that iron ſhot 
caſt from 3 other ſhot whoſe diameters were 4 inches, 4, 4 
inches, and 5 inches; ſuppoſing no waſte in melting? | 

Make 4 inches a tranſverſe extent on the line of 
ſolids, to any number ſuppoſe 10. Then 4, 4 inches 
applied tranſverſely to the ſolids will give about 13+ 3 
and 5 inches alſo applied tranſverſely to the ſolids will 
give about 19: Now the ſum of the noted numbers 
10 and 13; and 195 will be 43; then the tranſverſe 
extent of 43 on the line of ſolids will give 6+ inches 
for the diameter of the new ſhot. 


Examy. VIII. To find the. dimenſions of a ſolid which 


ſhall be equal to the difference of two given ſimilar ſolids, 
and alſo ſimilar to them. 


Apply a dimenſion of one ſolid tranſverſely to the 
line of ſolids at any number; and alſo note what num- 
ber on the line of ſolids, the like dimenſion of the 
other ſolid falls tranſverſely on ; take the difference 
of thoſe noted numbers ; and on the line of ſolids take 
tranſverſely the extent of the remainder, and that will 
be alike dimenſion of the ſimilar ſolid required. 
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Tnus. With the powder out of a ſhell of 10 inches 
concave diameter is filled a ſhell of 7 inches : What ſized 
ſpell will the remaining powder jill ? 

Tux extent of 10 inches being app tranſverſely 
to the lines of ſolids, at any number ſuppoſe 100 ; the 
extent of 7 inches will fall tranſverſely on the lines of 
ſolids, about the number 344 : The difference be- 
tween 100 and 342 is 653: Then the tranſverſe extent 
at 653. on the line of ſolids, will give 8,7 inches for 
— of that ſhell which the remaining powder 
will fill. - 
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